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Solid State Power Supplies 



All electronic equipment requires some type of power supply* The power 
supply may be as small as a miniature integrated circuit or large enough 
to fill an entire room* Regardless of their size, most power supplies 
have only one function: to convert AC voltage to a smooth, steady OC 
voltage. 

This module has been divided into the following seven lessons: 
* * 

Lesson I Pover Supply Functional Analysis 

Lesson II Powef Supply Input Stage 

Lesson I 1,1 Power Supply Transformer Secondary Stage 

Lesson IV Power Supply Rectifiers / 
Lesson V Power Supply Filters 
Lesson VI Power Supply Regulators 
Lesson VII Power Supply System Concept 



Overview 
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OVERVIEW 
LESSON I 

Power Supply Functional Analysis * 

In this lesson you will learn the function of the power supply input 
stage, the first conversion stage (transformer, secondary) , second conver- 
sion stage (rectifier), third conversion stage (fijter) and the output 
stage (regulator). 

The learning objectives of % thU lessen are as 'follows: 
TERMINAL OBJECT I VE (S) : / 

20* 1 - ^#0 When the student completes this course, he will be able to 
TR0UBLESH00T two "(one at a time) faulty solid state power 
s supplies ^o the component level, given a training device, 

multimeter, oscilloscope, and schematic diagrams. 
Repair work will be done with similar components on a 
practice card. Fault diagnosis to be 100% correct'with 
repair-work passing a Learning Supervisor's visual and physi- 
* ca I check . 

ENABLING OBJECTIVE(S)^ 

When the student completes this lesson, he will be able to: 



20,1. 40,1 RECOGNIZE the overall function of an electronic power supply 
by selecting the correct statement from a list of possible 
choices, only one of which is correct. 1 00% accuracy is 
requi red. 

20. 1.40.1.1 IDENTIFY the functions of the input stage (circuit) of a 
basic electronic power supply by selecting the correct \ 
- functions from a list of several choices* 100% accuracy 
is required. 

20.H.40.K2 IDENTIFY the function of the rectifier stage of a basic 
power supply by selecting the correct function from a 
list of several choices. 100% accuracy is required, 

20.1.40,5.3 IDENTIFY the function of the transformer secondary of an 

electronic power supply by selecting the correct statement 
of the function of the transformer secondary in an electronic 
power supply from a list of four statements, only one of 
which is correct. 100% accuracy is required. 
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OVERVIEW 

20.1.40.1.4 IDENTIFY the function of the filter stage of an electronic 
power supply by selecting^the^ correct statement of the function 
of the filter stage of a basic power supply from a list of 
several choices, ooly one of which is correct. 100% accuracy 

i s requ i red. 

20.1.40.1.5 IDENTIFY the functionN^the regulator stage of an electronic 
power supply by selecting the correct statement of the function 
of the regulator stage of a basic power suppiy from a list of 
several statements, only one of which is correct. 100% accuracy 
i s requi red. 



6EF0RE YOU, START THIS LESSON, READ ^THE LESSON LEARNING OBJECTIVES 
AND PREVIEW THE LIST OF STUDY RESOURCES ON THE NEXT PAGE, 
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LIST OF STUDY RESOURCES 
LESSON K 

Power Supply Functional Analysis 

To learn the material in this lesson, you have the option of choosing, 
according to your experience and /references, any or all of the follow- 
ing study resources: 

Written LeSf ^ presentation in: 

Module i>. 

Summary 

Programmed Instruction 
Narrat ive 

Student's Guide: 

Progress Check 

Enrichment Material (s): 

Electronics Installation and Maintenance Book, Electronic Circuits, 
NAVSH1PS 0967-000-0120, section 2 
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YOU MAY USE ANY, OR ALL, RESOURCES LISTED ,30VE, INCLUDING THE LEARNING 
SUPERVISOR; HOWEVER, ALL MATERIALS LISTED ARE NOT NECESSARILY REQUIRED 
TO ACHIEVE LESSON OBJECTIVES. THE PROGRESS CHECK MAY BE TAKEN AT ANY 
TIME. 

6 12 
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SUMMApY 
LESSON 1 

Power Supply Functional Analysis 

A Power Supply >rovides all voltages and currents required by a power 
consuming device or electronic equipment. This function of a power 
supply is accomplished by combining the individual functions of each 
of five stages as shown in the block diagram. 

CONVERSION STAGES 
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The input stage is a circuit accomplishing four functions; 

K Couples the AC voltage from the source to the first conversion 
stage* 

2, Provides overload protection. 

3. Indicates power on, 

4* Enables the power supply to be turned on or off. 

.The first conversion stage consists of the secondary of a transformer 
which steps-up or steps-down the AC voltage from the input circuit. The 
AC voltage from the transformer secondary is connected to the second 
conversion stage which rectifies the AC into pulsating DC voltage. The 
pulsating DC vo*.tage is then sent to the third conversion stage which 
consists of a filter circuit to suppress the pulsations in the DC voltage. 

The filtered DC the?, coupled to the output stage where a regulator 
circuit is frequently used to hold the DC output at a constant level. 
This DC output can now be coupled to the electronic equipment. 

AT THIS POINT, YOU MAY TAKE THE USSON PROGRESS CHECK. IF YOU 
ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON. 
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, 
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES, 
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS 
LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE 
FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE 
ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF 
APPLICABLE) , OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU 
CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY. 
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PROGRAMMED INSTRUCTION 
LESSON I 

Power Supply Functional Analysis 



TEST FRAMES ARE FRAMES 6, 11, 16, AND 19- GO FIRST TO TEST FRAME 6 
AND SEE IF YOU CAN ANSWER THE QUESTION. FOLLOW DIRECTIONS AT THE 
END OF THE TEST FRAME. 

K * Sufficient power must be supplied to any electrical device. The 
source of this electrical energy is the steam or water driven generator 
at the power plant; however, the device that actually provides the correct 
vol tages and currents to electronic equipment is referred to as a power 
supply . The power supply will take the power supplied by a power plant 
(normal ty AC) and change this power to the specif icjorm required by the 
electronic device (normally DC voltages and currents). 

If the voltage at a wall outlet ^ 115 volts AC, and an electrical circuit 
requires 50 volts DC, a ' '* must be used. 



power supply 



2 + A block diagram of a power supply will usually consist of three 
stages: the input stage, the conversion stage or stages, and the out- 
put stage. 



POWER SUPPLY 
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Input 





Conversion 




Output 




Power supplies have an input, an output, and a 



stage. 



conversion 
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3* Correct DC currents and voltages must be supplied to electronic cir- 
cuits; to do thfs, a Is used. 



power supply 



^. If a three stage block diagram of a power supply is drawn, the second 
stage Is the conversion stage and the tMrd stage fs the output stage. 
What Is the first stage? 



POWER SUPPLY 
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Input J 

S. The function of a power supply Is to supply the correct 
voltages and currents to electronic equipment. 



DC 

6. TEST FRAME 

What is the function of a power supply? 



THIS IS A TEST FRAME. COMPARE YOUR ANSWER WITH THE CORRECT ANSWER AT 
THE TOP OF THE NEXT PAGE. 
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To supply the correct DC voltages and currents to electronic equipment 
(or words to that effect) ^ 

IF YOUR ANSWER HATCHES THE CORRECT ANSWER YOU KAY GO ON TO TEST FRAME 1 1. 
OTHERWISE, GO BACK TO FRAME I AND TAKE THE PROGRAMMED SEQUENCE BEFORE 
TAKING TEST FRAME 6 AGAIN* 

7* The input stage of a power supply usually provides (l) overload pro- 
tection, (2) a power on indicator, (3) a device to couple in the line 
voltage, (*0 and an on-off switch* The input stage of a power supply 
is usually equipped with an on-off and a power on . 



switch. Indicator 



8* Woen drawing a power supply block diagram In three stages, the second 
stage is the stage* 



POWER SUPPLY 
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9* The Input stage of a power supply usually performs four functions, 
One function is to couple line voltage to the power supply; the four 
functions «re? 



1. Provide 



protection 
Indication 



2. Provide a 

3. Couple to the power supply 

J*. Provide an on-off 



TI overload; 2. power on; 3. line voltage; *u swj tch 



,o IB 



V 



Twenty 'I 



10* In common electronic power supplies, the conversion process is often 
accomplished in three sub-stages* 0) The line voltage is stepped up or 
down by the transformer secondary; (2) AC Is converted to pulsating DC 
by\the rectifier ; {$) the pulsations are smoothed out by a ft! ter» 

Write the names of the three sub-stages of the conversion stage, 

CONVERSION STAGES 

I ! 



Input . 


1 

L 


? 

* 
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Stage 


1 
1 




* 




T, Transformer secondary winding or output 

2. Rectifier 

3. Filter 



II. TEST FRAME 

What are the four functions of the Input stage of the power supply? 



THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT ANSWERS AT 
THE TOP OF THE NEXT PAGE. 
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1* Provide overload protection. 
2. Provide a power on indicator. 
3* Couple line voltage to the power supply. 
Provide an on-off switch. 



IF YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU KAY GO TO TEST FRAME 16* 
OTHERWISE, GO BACK TO FRAME 7 AND TAKE THE PROGRAMMED SEQUENCE BEFORE 
TAKING TEST FRAME 11 AGAIN. 

12* The transformer secondary winding usually steps voltage up or 
down . 

What stage Is the transformer secondary a part of? 



a. Input stage 

b* Conversion stage 

c* Output sta'ge 



b« Conversion stage 



13* There are three sub-stages In the conversion stage, 
names and functions of the first two? 



What are the 



CONVERSION STAGES 




Transformer secondary - steps voltage up or down. Rectifier - con s*e r t s 
AC to pulsating DC . ^ 

H* Some electronic circuits require very smooth or pure DC. The removal 
of variations in pulsating DC Is accomplished In the sub-stage. 



Filter 
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15- The overall function of the conversion stage of a power supply is to 
supply the correct type and amount of voltage. Most electronic circuits 
require DC voltage in order to operate. Write the function of each sub- 
stage* 



SUB STAGE 

1. Transformer secondary 

2, Recti f ier 
3* Filter 



FUNCTIONS 



Functi ons 

1. Steps voltages up or down (usually). 

2, Converts AC to pulsating DC 

3- Smoothes pulsations 



16, TEST FRAME 




State the names and functions of each of the three substages in the 
power supply conversion stage. 



TH IS iS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE ANSWERS AT THE TOP 
OF THE NEXT PAGE. 
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Transformer secondary - steps voltage up or down (usually) 
Rectifier - converts AC to DC 
Fi I ter - removes ripple 

fF YOUR ANSWERS HATCH THE CORRECT ANSWERS, YOU MAY GO TO TEST FRAME 19 
OTHERWISE, GO BACK TO FRAME 12 AND TAKE THE PROGRAMMED SEQUENCE BEFORE 
TAKING TEST FRAME 16 AGAIN* 

17* The third stage of many power supplies is the voltage regulator 
stage* It functions to maintain a constant output voltage to couple 
the output voltage to the electronic equipment* 

The output from an unregulated power supply wilt fluctuate if either 
the input voltage or the equipment requirements change* To eliminate 
or reduce these fluctuations, a voltage regulator frequently is built 
into the stage of the power supply* 



output v 

) 8, The output stage regulates the output voltage and couples the power 
supply to the * 



electronic equipment 
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19. TEST FRAME 

Write the name and two functions of the output stage of the power 
supply. 



THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT ANSWERS 
AT THE TOP OF THE NEXT PAGE. 
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The output stage is named the voltages regulator stage. Ft (TJ maintains 
a constant voltage, aid (2) couples the power supply to tSe electronic 
equipment, 



AT THIS POINT, YOU HAY TAKE THE LESSON PROGRESS CHECK. IF YOU 
ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON. 
IT YOU INCORRECTLY ANSWtR ONLY A FEW OF THE PROGRESS CHECK QUFSTIONS, 
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES, 
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUOY THE PARTS OF THIS 
LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE 
FAILED TO UNDERSTAND ALL, OR HOST, OF THE LESSON, SELECT AND USE 
ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF 
APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU 
CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY. 
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NARRATIVE 
- LESSON I 

P^rer Supply Functional Analysis 

This lesson deals with a vital part of any electronic equipment - its 
power supply. 

The function of the power supply is what its name implies. It provides 
the voltages and current required by an electronic system to perform its 
designed function, 

POWER SUPPLY 




The power supply is made up of several stages, each of which is designed 
to perform a. particular task 

The first stage we are going to talk about is the INPUT stage. 
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Input 
Stoge 





















The input stage has four primary functions: 

(1) It provides a method of coupl ing the AC line voltage into the power 
supp ly. 

(2) It provides overload protection . 
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(3) It provides power -on i ndicat ion . 

(M It provides a means of turning power on or off . 

The second stage in the power supply is the CONVERSION stage which 
receives the AC \a>e voltage from the input stage. The conversion 
stage is subdivided into three substages of which the first is a 
TRANSFORMER SECONDARY WINDING. 



CONVERSION STAGES 



Input ■ 
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Transformer 








Stage 


1 
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Secondary 










The function of the first sub-stage, the transformer secondary winding* 
is to step-up or step~down the AC line voltage to a value that is near 
the value of the required equipment voltage. 

The second stage of conversion is the RECTIFIER stage. 



CONVERSION STAGES 
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The rectifier stage receives the voltage that the transformer secondary 
stage has provided and converts it to a pulsating DC, This conversion 
Is called rectification. 
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This pulsating DC is then passed to the third sub-stage of conversion, 
the FILTER.. 

CONVrSSION STAGES 




Transformer 
Secondary 




The function of the filter is to remove or suppress the variations in 
the pulsating DC. !n order to have a smooth fit these variations must 
be filtered. The filter stnooths the pulsatino DC into a smoother DC. 

The output stage jn our power supply is the VOLTAGE* REGULATOR, 



CONVERSION STAGES 




Transformer 
Secondary 




The voltage regulator receives the DC voltage from the filter and main-, 
.tains the DC voltage level at the required value. Its function is to 
maintain a steady DC output and couple this output to the equipment. 

In review* the power supply's function is to provide the requi red. vo>l - 
tages and currents for equipment operation. The power supply is made 
up of five stages- The function of each stage is: 

| „ input stage - provide coupling, overload protection* power-on 
indication and .a method for turning the power supply on or off. 

2. Transformer secondary stage - step* the AC line voltage .up or 
dcwrt . 
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3. Rectifier stage - converts the AC into pulsating OC. 

k. Fi 1 ter stage - reduces the variations of the pulsating OC. 

5. Voltage regulator stage - maintains the OC at the required 
voltage level and couples the OC to the equipment. 

Hatch the circuit with its function by writing tetters in the proper 
blanks. Any letter may be used more than once. 



LETTER FUNCTION CIRCUIT 

1. Smoothes OC voltage A. Input stage 

2. Couples voltages to equipment B. Rectifier 

3. Maintains constant OC voltage C. Filter 

Converts AC to OC D. Voltage regulator 

5. Provides circuit protection E. Transformer secondary 

6. ' Couples power supply to source 

vol tage 

7. _ Indicates power on 

8. Converts AC input to required AC level 



1. C 

2. F 

3. 0 
i». B 
5- A 
6. A 
7- A 
8. E 



AT THIS POINT, YOU MAY TAKE TH£ LESSON PROGRESS CHECK. IF YOU 
ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEEO TO THE NEXT LESSON. 
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, 
THE CORRECT ANSWER PAGE WILL REFER Y'JU TO THE APPROPRIATE PAGES, 
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUOY THE PARTS OF THIS * . 
LESSON YCJ ARE HAVING OIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE 
FA1LE0 TO UNOERSTANO ALL, OR MOST, OF THE LESSON, SELECT ANO USE 
ANOTHER WRITTEN MEOIUM OF INSTRUCTION, AUOJO/VISUAL MATERIALS (IF 
APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU 
CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGrtESS CHECK CORRECTLY. 
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OVERVIEW 
LESSON I I 

Power Supply input Stage 



In this lesson you will study and learn about input power connectors, 
circuit breakers/fuses, indicator lights, switches, and the transformer 
primary. 

The learning objectives of this lesson are as follows: 
TERMINAL OBJECTIVE(S): 

20.2. J*0 When the student completes this course, he will be able to 
TR0UBLESH00T two (one at a time) faulty solid state power* 
supplies to the component level, given a training* device, 
multimeter, oscilloscope, and schematic diagrams. 
Repair work will be done with similar components on a 
practice card. Fault diagnosis to be 100% correct with 
repair work passing a Learning Supervisor's visual and 
physical check. 

ENABLING OBJECTIVE(S): 

When the student completes, this lesson, h£ will be able to: 

20*2.40*2 ANALYZE the function of the input stage of an electronic power 
supply by observing, recording and interpreting waveforms and 
* voltages at indicated test points on a training device. All 

recorded data must fall within specifications as stated in 
the job program. 

* 

20.2^0.2.1 IDENTIFY the function of an electronic circuit' breaker by 
seVecting the correct statement of a function of a circuit 
breaker from a list of several statements, only one of which 
is> correct. 100% accuracy Is required. 



20j2.J*0.£/5 IDENTIFY jthgfunction of an indicator light connected across 
the primary of\tbe power supply transformer by selecting the 
correct statement from a list of several statements, only one 
of which is correct. 100% accuracy Is required. 

20.2.^*0.2.3 HATCH physical components found In the input stage of an elec- 
tronic power supply with thefr proper schematic symbols, given 
typical components and a list of symbols. 100$ accuracy is 
required. t * 



BEFORE YOU START THIS LESSON, READ THE LESSON LEARNING OBJECTIVES 
AND PREVIEW THE LIST OF STUDY RESOURCES ON THE NEXT PAGE. 
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LIST OF STUDY RESOURCES 
LESSON I I 



Power Supply Input Stage 



To learn the materia] in this lesson, you have the option of choosing, 
according to your experience and preferences, any or all of the follow- 
ing study resources: 

Written Lesson presentation in: 

Module Booklet: 

Summary 

Programmed Instruction 
Narrat tve 

Student's Guide: 

Job Program Twenty - II "Input Stages" 
Progress Check 

Enr'chment Material (s) : 

Electronics Installation and Maintenance Book, Electronic Circuits, 
i NAVSHIPS 0967-000-0120, section 2 



YOU MAY USE ANY, OR ALL, RESOURCES LISTED ABOVE, INCLUDING THE LEARNING 
• SUPERVISOR; HOWEVER, ALL MATERIALS LISTED ARE NOT NECESSARILY REQUIRED 
TO ACHIEVE LESSON OBJECTIVES.' THE PROGRESS CHECK MAY BE TAKEN AT ANY TIME. 



/ 
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SUMMARY 
LESSON ft 

Power Supply Input Stage 



The power supply Input circuit is used to: 

K couple AC line voltage to the next stage; 

2. protect the circuit from excessive current f)ow; 

3- indicate when AC voltage is on; 

k+ provide a means of turning the power supply on or off* 

The first function (coupling) is accomplished by using a plug or power 
r.onnec tors 



<§> or 



and a transformer prima 




117 VAC 



The second function (overload protection) is accomplished by using either 
a circuit breaker ) or fuse ( ) • If excessive current Is 

drawn by the equipment, tne overload protection components will open and 
stop current flow in thr input circuit. 



PL1 



CBl 




117 VAC 
# 



0~U- r 



Ft 



TB1 



T1 



The third function (power on indication) is accomplished by a lamp or 
light bulb across the primary of a transformer. When current flows in 
the input circuit, the lamp will light. 
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The fourth function is to turn power on or off. This is accomplished 
by means of a switch. 



Example (B) is a "ganged" switch. The dotted Une indicates that both 
contacts will move together. 

AT THIS POINT, YOU KAY TAKE THE LESSON PROGRESS CHECK. IF YOU 
ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON. 
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, 
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES, 
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUOY THE PARTS OF THIS 
LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE 
FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE 
ANOTHER WRITTEN ^ r OIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF 
APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU 
CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY. 



(A) 



(B) 
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PR0GRAM8ED INSTRUCTION 
LESSON II 

Power Supply Input Stage 

TEST FRAMES ARt 3 AND 8, A£ BEFORE, GO FIRST TO TEST FRAME 3 AMD SEE IF 
YOU CAM ANSWER ALL THE QUESTIONS THERE, FOLLOW THE DIRECTIONS GIVEN 
AFTER THE TEST FRAME, 

K The Input circuit has four functions* The first function Is to couple 
AC line voltage through the Input circuit to the next stage of the power 
supply. 




This Is usually done through the use of a power connector and the primary 
winding of a transformer. The most often used symbol for a power connector 



is: 



This symbolizes a pl ug that Is normally 
connected to a wall outlet. 



The symbol for a transformer winding Is: 



Tl PRIMARY 



The first function is accomplished by combining these two components as 
Illustrated by the following circuit: 



PLl Tl 



The . connects the vail outlet to the input circuit and the 

couples the signal out of the Input circuit to the next stage, 
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Plug; transfomer prima^ winding 



2. The transformer primary winding symbol is standard but the power 
connector has several different symbols* The reason there are several 
symbols for a power connector is that there are various ways of connecting 
the external line voltage to the input circuit. Some common examples are: 



. 3- TEST FRAME 

(1) The purpose of the transformer primary is to 

(2) The purpose of a power connector is to 



THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT ANSWERS AT 
THE TOP OF THE NEXT PAGE, 




Inter connector. General 1 y indicates jack 
and plug connections; e,g,, a 6B25 PC card 
is put into a jack, 




This indicates a terminal board and is used 
when a number of wires must be connected to 
a number of other wires. It is a good way 
to keep all connections in t** fl same place* 



No response required 
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(|) Couple line voltage out of input circuit. (or words to that effect) 
(2) Couple line voltage into the input circuit. (or words to that effect ) 

IF YOUR ANSWERS HATCH THE CORRECT ANSWERS, YOU MAY GO ON TO TEST FRAME 8. 
OTHERWISE, GO BACK TO FRAME 1 AND TAKE THE PROGRAMMED SEQUENCE BEFORE 
TAKING TEST FRAME 3 AGAIN. 

J*. We know how the function of coupling the line voltage into and out 
of the power supply is accomplished by power connectors and a transfor- 
mer primary, but now we must look at the next function of the input 
circuit. That function is to provide overload protection. Overload 
protection is accomplished by a component that will prevent the possible 
damage of other circuit components if excessive currents try to flow in 
the circuit. This protection component generally opens the circuit when 
current flow exceeds its rating. Fuses and circuit breakers are the most 
common types of overload protection components. Their symbols are: 



F1 rc* -Fi CBl^S. CIRCUIT 



BREAKER, CB1 



The major difference between a fuse and a circuit breaker is that the 
fuse wire melts when its current rating is exceeded while a circuit 
breaker simply opens itself. A fuse can therefore be used only once 
but a circuit breaker can be reset and used any number of times. 



Tl 



Tr .e flow of current in a circuit protected by an overload device will 
Cie stopped/continue to flow) if the amount of current exceeds speci- 
f i cat ions . 



be stopped 
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5* Another function of the input circuit is to provide some means to 
Indicate when power is on* The simplest way is to connect a lamp or 
light bulb across (in parallel with) the primary of the transformer. 




When the lamp Is lit, power is (on/off). 



on ; : ; 

6* The last function of the input circuit provides the capability to 
turn the power supply "on 11 or "off 11 . This Fs accomplished through the use 
of a switch, la one position the switch opens the circuit and in the 
other position the switch closes the circuit. Imagine, instead, how 
tiresome it would be to disconnect the plug or remove a fuse everytime 
we wish to turn off our television set. 



The symbol for a switch is: ^ m J \ 

sw 




With the switch in the position shown in the above diagram, would DSI 
be lit? 



No tthe switch fs open)" 
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7* Sometimes a double switch is used as a safety factor* This switch 
has only one lever to turn it on or off but both switches operate at the 
same time* A dotted line between two contacts Indicates that the switches 
are mechanically connected or "ganged". 



SW1 




SW1 



ON 



SW2 

If SW1 is shorted* the power suppfy can still be turned off* 
false? 



True or 



True ~ because SW2 will stilt open 
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8, TEST FRAME 

Hatch function of the input stage of the power supply to the schematic 
representation of the component. 




a* Provides coupling of line voltage 
into the input circuit. 



b. Provides indication of power on 



c. Protects the circuit from excessive 
current . 



rf * Turns power on or off. 

5- A ^ ^ Provides coup! 109 out of input 

circuit. 



THIS IS A TEST FRAME, COMPARE YOUR ANSWERS WITH THE CORRECT ANSWERS 
GIVEN AT THE TOP OF THE NEXT PAGE, 
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AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IP YOU 
ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEEO TO THE NEXT LESSON. 
IP YOU INCORRECTLY ANSWER ONLY A PEW OP THE PROGRESS CHECK QUESTIONS, 
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES, 
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS 
LESSON YOU ARE HAVING OIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE 
FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE 
ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF 
APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU 
CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY. 
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NARRATIVE 
LESSON II 

Power Supply Input Stage 



In the previous lesson, the power supply was separated into five stages. 
Each stage performed a distinct function* In this ^nd later lessons, 
we will take each stage Individually and shci* hew the components of a 
stage work together to produce the stage function* The first stage 1$ 
called the Input circuit* 







INPUT 
CIRCUIT 









As shown In the drawing, the Input circuit does not change the Input 
waveform In^afty^ way* At first glance ft would appear that the input 
stage does very little but this Is not the case* The functions of the 
Input stage are to: 

1* Couple AC line voltage Into the first conversion stage of the 
power supply* 

2* ProvFde overload protection* 

3* Indicate whether power Is on* 

*** Provide a method of turning power on or off* 

How does the Input stage do all of these functions? Let's take the 
first function and Identify the components that provide a means to 
couple AC line voltage into the power supply and to the first conversl 
stage* 



<* 



on 



WALL . 
OUTLET 



AC 




POWER 




CONNECTOR 






TO 

TRANSFORMER 
SECONDARY 



The two components that satisfy the first function are an AC power 
connector and a transformer primary. The AC power connector connects 
the external source to the Input stage and the transformer primary 
provides a means of coupling the AC to the next stage* 



ERJC 
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There are a number of ways to connect the line voltage to a power supply 
but the most common Is with a standard plug* The plug Es put Into a 
wall outlet and the line voltage is connected to the power supply* The 
symbol f^r a plug is / > 



and 



1 1 looks 1 1 ke 



<$>«■■ 



In electronic equipment a number of flther power connector symbols are 
often found* For example: - ' 



PLUG 



JACK 



This symbol is commonly found when printed 
circuit cards are plugged into card jacks* 

This symbol indicates a terminal board. 
When a lot of line voltages are coupled 
to a lot of places the terminal board 
makes it easy. 



Now tfyat we have the line voltage coupled into the power supply, how do 
we get it out of the input circuit? in this case, the primary winding 
of a transformer fs the means used to couple the line voltage to the 
first conversion stage* 



Tl 



At 



What components are used to (1) couple line voltage Into the power supply 
and (2) line voltage out of the input stage? 
(1) and (2) 1 



[\) power collector 

(2) transformer primary winding 

Another function of the input circuit is to provide overload protection. 
That is great, but what is overload protection? Overload protection means 
that there is a method used to protect the circuit from excessive current 
flow* The components most often used are fuses or circuit breakers* 
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Fuses aftd circuit breakers protect against a flow of current which, 
approaches the limit of the current carrying ability of the circuit 
components by opening the circuit* The fuse does this by melting when 
overheated, and the circuit breaker does It by opening when the current 
is excessive* One advantage of having a circuit breaker Instead of a 
fuse ts that the circuit breaker CuA be reset while the fuse must be re- 
placed* 



Symbol for a fuse* 



CB1 ' * Symbol for a circuit breaker* 



Overload protection Is provided by a or a 



fuse, circuit breaker 



Our input circuit schematic at this point, may look like any of the 
following: 



c 



|T1 117 VAC «Tt 
1 *> >i! 5 



Fl 
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We have now covered the first two functions of the input circuit; the 
third function Is to indicate that power is on* The best way to indi 
cate power on Is to use a light bulb or lamp* This lamp Is generally 
connected in parallel with the primary of the transformer and Is Indi 
cated by the symbol: — fc\ ci 



When current flows through the input circuit the lamp will light and indi- 
cate that power Is available in the primary circuit* 

The last function of the input circuit is to provide a safe, efficient 
way to turn the power supply on or off. 



We have identified all components necessary to produce the "on" waveform. 
4 An additional component is needed to produce the "off", or no output. This 
component is a switch. The switch will open the circuit and prevent current 
flow. 



In circuit (B), the dotted line indicates that both switches are mechan~ 
ically connected. These ganged switches will open and close at the same 
time. 





(A) 



(B) 
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Match each component with the correct function. 



I. Switch 

1, Fuse/circuit breaker 
3. Transformer primary/ 



a. Provides overload protection. 

b. Couples line voltage. 

c. Indicates power on. 

d. Turns power supply off or on. 



power connector 
Indicator lamp 



U d 

2. a 

3. b 
k. c 



AT THIS POINT, YOU HAY TAKE THE LESSON PROGRESS CHECK. IF YOU 
ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON. . 
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, 
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES, 
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS Ot THIS 
LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE 
FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE 
ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF 
APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU 
CAN ANSWER ALL SELF-TE^T ITEMS ON THE PROGRESS CHECK CORRECTLY. 
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OVERVIEW 
LESSON 111 



Power Supply Transformer Secondary Stage 

in this lesson f you will study and learn about several types of power 
supply transformers* You will be able to identify step-up transformers* 
step-down transformers, single-secondary transformers, multi-secondary 
transformers, center-tapped transformers and their input/output voltage 
polarity relationships* 

The learning objectives of this lesson are as follows; 
TERMINAL OBJECTIVE(S); 



20*3.40 When the student completes th?5 course, he will be able to 
TR0UBLESH00T two (one ^at a tlme> faulty solid state power 
supplies to the component level, given a training device, 
multimeter, oscilloscope, and schematic diagrams* Repair 
work will be done with similar components on a practice card* 
Fault diagnosis to be 1 00% correct with repair work passing 
a Learning Supervisor's visual and physical check* 

ENABLING OBJECTIVE(s) ; 

When the student completes this lesson, he will be able to: 

20/3,**0*3 J ANALYZE the function of the first conversion stage (transr 
former secondary) of the basic power supply by observing, 
measuring, and recording the normal waveforms and voltages 
at the transformer secondary test-points and interpreting 
the differences In the primary and secondary measurements, 
given test equipments training device, and a job program* 
All measured data must fall within tolerances as stated 
in 'the job program* • 

1 

* * 

20*3.J*0*3.1 IDENTIFY the function of a multi-secondary electronic transformer 
b/ selecting the correct statement of the function of a multi- 
secondary transformer from a list of several choices, only one 
of which is correct* 100$ accuracy is required* 

20.3*^*0*3.2 IDENTIFY the function of a center-tapped secondary of an elec- 
tronic power supply transformer by selecting the correct state- 
ment of the function of a center-tapped secondary In a power 
supply transformer from a list of several choices^ only one of 
which is c rect^. 100% accuracy Is required* 
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OVEfW I EW 

20.3.40.3.3 LOCATE the three power supply transformer secondary connections 
in the electronic power supply using a training device and a 
schematic of the power supply circuit. All three connections' 
must be correctly identified. 



BEFORE YOU START THIS LfSSON, READ THE LESSON LEARNING OBJECTIVES AND 
PREVIEW THE LIST OF STUDY RESOURCES ON THE NEXT PAGE. 
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LIST OF STUDY R£S0URCES 
LESSON 111 

Power Supply Transformer Secondary Stage 



To learn the material in this lesson, you have the option of choosing, 
according to your experience and preference, any or all of the following 
study resources: 

^Written Lesson presentation in; 

Module Booklet: 

Summary 

Programmed Instruction 
Narrative 

< 

Student's Guide; 

Job Program Twenty - III "Power Supply Input and Transformer 

Secondary Stage" 

Progress Check 

Enrichment Haterial(s): 

Electronics Installation and Maintenance Book, Electron!^ Ci rcui ts , 
NAVSHIPS 0967-000-0120, section 2 



YOU MAY USE ANY, OR ALL, RESOURCES LISTED ABOVE, INCLUDING THE LEARNING 
SUPERVISOR; HOWEVER, ALL MATERIALS LISTED ARE NOT NECESSARILY REQUIRED 
TO ACHIEVE LESSON O&JECTIVES. THE PROGRESS CHECK MAY BE TAKEN AT ANY 
TIME. 
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SUHKARY 
LESSON I I I 



Power Supply Transformer Secondary Stage 



The AC voltage supplied from the wall socket is coupled through the input 
stage to the transformer secondary. The secondary may step-up, step-down, 
or leave the voltage the same, depending on the turns ratio between the 
primary and secondary windings. The voltage may neec to be increased or 
decreased because the rest of the power supply requires a different level 
than ts supplied by the external source. 

The power supply often requires more than on<* voltage. Therefore multiple 
secondaries driven by a single primary may be used. Each secondary winding 
provides a desired voltage depending on its turns ratio as compared to 
the primary* <, * 

Another commonly used secondary is the center-tapped secondary. The 
center-tapped secondary splits the total secondary voltage into two 
equal voltages of opposite polarity. 

No matter what amplitude or phase of AC voltage(s) is needed by the 
power supply, it can be provided by one of these types of secondary 
windings. ^ ^ 

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CH^CK. I F YOU 
ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON. 
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, 
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES, 
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS 
LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE 
FAILED TO UNDERSTAND ALL, OR HOST, OF THE LESSON, SELECT AND USE 
ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF - 
APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU 
tAN ANSWER ALL SELF-TfST ITEMS ON THE PROGRCSS CHECK CORRECTLY. 
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PROGRAMMED INSTRUCTION 
LESSON III 

Power Supply Transformer Secondary Stage 



TEST FRAME IS FRAME 9. GO FIRST TO TEST FRAME 9 AND SEE IF YOU CAN 
ANSWER THE QUESTIONS. FOLLOW THE DIRECTIONS AT THE END OF THE TEST 
FRAME. 

1. The first conversion stage in a power supply is the secondary of 
a transformer. The secondary matches the voltage amplitude of the 
external source (well outlet) to the requirements of the rest of the 
power supply. One way a secondary can do this is by stepping up the 
voltage. This increase is accomplished by the ratio of turns from 
the primary to the secondary. If the number of turns in the secondary 
is greater than the number of turns in the primary, the voltage will be 




If the po*^r supply requires I SOVAC and the wall outlet supplies 110VAC, 
, the number of turns will be greater in: a. the primary winding b. the 
secondary winding 



b. the secondary winding 



2. Sometimes the voltage supptied is far greater th^n the voltage re- 
quired so a step-down transformer is used. The number of turns is 
greater in the primary than in the secondary. 




P.I 
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Which type of transformers are used co make the indicated conversions? 




b. 



A 




s tep~up h» step-down 



3* Sometimes the voltages match exactly and neither an increase nor 
a decrease of the voltage is necessary* the turns in the primary 
and secondary are the same, A transformer with a 1:1 ratio passes 
an AC voltage without changing Its value. When a 1:1 ratio is used, 
the primary function of the power transformer is to isolate the source 
from any undesired DC current path to ground within the power supply. 

Draw the output waveforms for the transformers illustrated, and indicate 
the type of transformer, (Use a separate sheet of paper,) 



1:4 



4:1 



1:1 



TYPE" 



TYPE- 



TYPE= 
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X-- 



X— 



1s1 



4X 




♦ TYPE=STtiP-UP 



TVPE=STEP-DCWN 



TYPE 



= 1:1 



The power supply need* specific voltage levels to operate. The vol- 
tage conversion of the transformer secondary makes It easy to match the 
supply to the demand* Power supplies often require more than one 
transformer to supply the voltages* Engineers have simplified this by 
using more than one secondary with a single primary* 

(n the c!rcult shown, this single transformer with multiple secondaries 
provides three turns ratios- 



Section A * 1:3 tuttis ratio 
Section B * 1:6 turns ratio 
Section C * J*:l turns ratio 



B 



Which type of transformer conversion is not used In the mul ti ple^secon* 
dary transformer Illustrated? 



a, Step^up 

b, Step-down 

c, 1:1 



~ 1:1 Is not shown 
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5, Power Supplies, on occasion, need two equal voltages of opposite 
polarity* 



1:1 

TRANSFORMER 



The si plest way to get these two voltages is to use a center-tapped 
transformer secondary. 



V 1 



rw 1 




CENTERTAP 



A7 



The center-tap divides the actual secondary winding f nto two equal 
secondary windings to supply the two voltages. Secondary voltage 
outputs will equal half of the input voltage using a 1:1 transformer, 

Draw the missing waveform, (Use a separate sheet of paper*) 

? 



A7 




w 54 
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6, The two outputs t. a center-tapped secondary are equal, but of 
opposite polarity* Opposite polarity means that the voltage of one 
waveform Is negative at the same time the voltage of the other wave- 
form Is positive. 



The amplitude, frequency, and shape of each waveform are the same. 

What Is the only difference between the two outputs of a center-tapped 
transformer? 

a. Frequency 

b. Shape 

c. Ampl i tude 

d. Polarity 



d» Polarity 




CENTERTAP 
TRANSFORMER 
SECONDARY 



Twenty*! 1 1 



7» The amplitude of each output of a center- tapped transformer ts one 
half the amplitude of the total voltage induced across the secondary. 



Remember, the total voltage across the secondary depends on the turns 
ratio between the primary and the secondary* Therefore, whatever ampli- 
tude is required can be obtained by stepptng~up or stepptng-down the 
voltage* 

If the primary voltage fs 50V and the total secondary voltage is !00 
volts, what is the amplitude of each secondary waveform? 



50 vol ts for each waveform 



8, What type of transformer conversion is used tn the example L«*Jow? 




60 v P-P 




a t Step-down 
b* Step-up 
c. Isolation 



b. Step-up 
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9. Match the waveform in column ,; B" to the correct winding in column "A" 




THIS (S A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT ANSWERS 
GIVEN AT THE TOP OF THE NEXT PAGE. 
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1. c 

2. d 

3. a » 

4. b 



AT THIS POINT, YOU HAY TAKE THE LESSON PROGRESS CHECK. IF YOU 
ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON. 
IF YOU INCORRECTLY ANSWER ON^Y A FEW OF THE PROGRESS CHECK QUESTIONS, 
THE<ORRECT ANSWER PAGE WtLL REFER YOU TO THE APPROPRIATE PAGES, 
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS 
LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE 
FAILED TO UNOERSTANO ALL, OR MOST, OF THE LESSON, SELECT AHO USE 
ANOTHER WRITTEN MEDIUM. OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF 
APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU 
CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY. 
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MARK AT I VE 
LESSON Ml 

Power Supply Transformer Secondary Stage 



ft 



You have just finished studying the input circuit of the power supply. 
Now, let's take a look at the first 
secondary. As you know, the tran«f 
three possible AC voltage outputs: 
as Compared to the input. 



conversion stag* - the transformer 
r^mcM secondary may provide one of 
Step-up, svep-down, or no change 





1*1 

NO CHANGE 




This conversion is often necessary to satisfy the voltage requirements 
of the stages that follow the power supply. The external source that 
supplies the input xi rcui t generally does not match the voltage require- 
ments of the rest of the po.<er supply. The transformer secondary is 
designed to match these voltages. If the source voltage matches the 
voltage required by the rest of the power supply, a transformer with a 
1:1 ratio Is generally used. When this ratio is used, the primary 
function of the power transformer is to isolate the source from any un- 
destred DC current path to ground within the power supply. 

Most of us have had or have seen transistor radios that may either use 
batteries or be plugged into a wall outlet. The wall outlet is 110- 
120 VAC and the batteries usually provide only $ VDC or 12 VDC. A step- 
down transformer may be used to decrease the AC voltage* 

An important thing to remember is that the voltage may be changed but 
the shape and frequency of the waveform remain the same. 





PRIMARY 




SECONDARY 
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REST OF 
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The most common type of transformer is the single-secondary transformer. 



PRIMARY 



SECONDARY 



but if more than one voltage is required a mul tt -secondary transformer 
may be used* 




The three secondaries, because of their different turns ratios, provide 
three different voltages. 

The last type of transformer found in basic power supplies is called 
the center-tapped transformer* 




The ground connection In the center of the transformer does two things t 

J. ft effectively splits the secondary into two windings, each 
hdving 1/2 of the total number *of secondary turns* The vol tage ampl t tude 
across each half of the secondary is half of the total secondary voltage. 

2. Each half of the secondary will have equal voltage amplitude but 
will have opposite polarities. When the top of the secondary winding is 
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positive in respect to ground, the botlu^i of the secondary winding will 
be negative in respect to ground, and vice-versa. Therefore, the AC 
voltages on each half of the center-tapped transformer are |80° out of 
phase with each other. 




Like any transformer, the center-tapped transformer can step-up or step- 
down a vol tage. 

In short, the type of secondary found In a particular power supply de- 
pends on what the rest of the power supply requires* It may require 
only one AC voltage, more than one AC voltage, or two equal voltages of 
opposite polarity. 

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK* IF YOU 
ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON. 
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, 
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES, 
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS 
LESSON YOU ARE HAVING DIFFICULTY WITH, IF YOU FEEL THAT YOU HAVE 
FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE 
ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF 
APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU 
CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY. 
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OVERV I EW 
LESSON IV 

Power Supply Rectifier s 

In this lesson you will study and learn about tins output waveforms and 
schematics of half wave, full wave and bridge rectifier circuits and the 
advantages and disadvantages of half wave, full wave and bridge rectifier, 
ci rcui ts. 

The learning objectives of this lesson are as follows: 



TERMINAL OBJECTIVE(S) ; t * V 

20.4.40 When the student completes this course, he will be able to 
TR0UBLESH00T two (one at a time) faulty solid state power 
supplies to the component level, given a training device, 
multimeter, osci I loscope, and schematic diagrams. Repair 
work will be done with similar components on a practice 
card. Fault diagnosis to be 100% correct with repair work 
passing a Learning Supervisor's visual and physical check. 



ENABLING OBJECTIVE(S) : 

When the student completes this lesson, he will be able to: , 

20.4.40.4 DIFFERENTIATE between the schematic drawings of half-wave, 
full-wave, and bridge rectifier circuits by matching each 
of three schematics with its correct type name. 100% 
accuracy is requi red. 

20.4.40.5 HATCH illustrations to statements about the, effects of applying 
forward bias to a diode, given four choices only one of which 
is correct concerning forward bias. 100% accuracy ts required. 

20. 4. 40. £ HATCH illustrations to statements about the effects of applying 
reverse bias to a diode, given four choices only one of which is 
correct concerning reverse bias. 100% accuracy is required. 
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OVERVIEW 

20.J**J*0.7 HATCH the drawings of output waveforms of half-wave* full- 
wave, and bridge rectifier circuits with their correct 
names, given choices of names and drawings. Each waveform 
must be correctly named. 

20.J*.J*0.8 MEASURE the resistances and CALCULATE front-to-back ratios 
of diodes, given four different types of diodes, a job' 
program, and a multimeter. All measurements and ratios to 
fall within tolerances specified on the job program. 

20. J*.J*0. 9 MATCH the physical components of the second conversion stage 
of an electronic power suPply with their respective schematic 
symbols, given a schematic diagram, a job program, and a 
training device power supply. \00% accuracy is requi'ed. 

20.J*.J*0.9.1 IDENTIFY the location of components, letter/number designa- 
tions, and test points of the second conversion stage of an 
electronic power supply as required on the job program, given 
a schematic diagram and a training device power supply, 1 00ft 
accuracy is requi red. 



BEFORE YOU START THIS LESSON, READ THE LESSON LEARNING OBJECTIVES AND 
PREVIEW THE LIST OF STUDY RESOURCES ON THE NEXT PAGE. 
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LIST OF STUDY RESOURCES 
LESSON fV 

Power Supply Rectifiers 

To learn the material in this lesson, you have the option of choosing 
according to your experience and preferences, any or all of the follow" 
ing study resources: 4 

Written Lesson presentation in: 

Module Booklet: 

Surma ry 

Programmed Instruction 
Na rrat'ive 

Student's Guide: 

Audio/Visual Response Sheet Twenty - IV 

Job Program Twsnty * IV M Powe* ¥ Supply Rectifiers", 

Progress Check 

Additional Material(s): 

A'.dio/Visual Program Twenty - IV M Basic Power Supply Rectifiers", 

Eirichment MaterUI(s); 

Electronics Installation and Maintenance Book* Electronic Circuits, 
NAVSHIPS O967-OOO-OI 20, section 2 



,'GU HAY USE ANY, OR ALL, RESOURCES LISTED ABOVE, INCLUDING THE LEARNING 

SUPERVISOR; HOWEVER, ALL MATERIALS LISTED ARE NOT NECESSARILY REQUIRED 

TO ACHIEVE LESSON OBJECTIVES, THE PROGRESS CHECK KAY BE TAKEN AT ANY TIME, 
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SUMMARY 
LESSON IV 

Power Supply Rectifiers 



Rectifier circuits are* connected to'the secondary of a power supply 
transformer in order to convert AC voltage into DC voltage. Three 
types of rectifiers are: half-wave, full-wave, and bridge,* 

Power supply rectifiers utilize diodes for their operation. Diodes 
conduct when they ace forward bi ased (cathode negative with respect 
to the anode * ) an< j offer tremendous resistance to current flow 

when they are reverse biased (cathode positive with respect to the 
anode T " ) . * 



The half-wave rectifier consists of one diode which simply eliminates 
either tHe positive or negative alternations of the input AC voltage. 



4& 



Ov 



HALF 
RECTIFIER 



NEGATIVE 
PULSATING DXX 



OR 



■Ov 



HALF WAVE 
RECTIFIER 



AAA 

POSITIVE 
* PULSATING D.<X 



A half-wave rectifier circuit with a negative DC output will contain 
one diode connecJfc£Er^r5™5hown , 




A positive DC output can be obtained with this* cicruit 




In orcler to convert every alternation of the input AC voltage to pulsat- 
ing DC, a full-wave rectifier is used. The full-wave rectifier converts 
e^ch al ternatibn of the AC voltage to either positive or negative pul- 
sating .DC Voltage. 



W\X WAVE 
RIICT1FIER 
I 



OR 



Ov 



FULL WAVE 
RECTI F .ER 



VJOJ 
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A full-wave rectifier uses two diodes and a center-tapped transformer 
secondary winding* 




or 




Post tive DC Output 



Negative DC Output 



* The transfonner center-tapped secondary divides the secondary AC voltage 
[Rto two equal, out-of-phase AC vol tages, . eatfh of which Is half the 
total secondary voltage. Depending on circuit configuration, the diodes 
.will pass either the positive or negative alternations o^ the AC input 
voltage, first from one diode, then from the other* The average 
output voltage of the full-wave rectifier Is the same as the ha If -wave 
rectified, but the variations In the pulsating DC output arc tess with 
the full -wave rectifier, 

A bridge rectifier also converts each alternation of the r *out AC vol- 
tage to the same DC polarity at the output, but, with the same secon* 
dary voltages, the peak amplitude of the DC voltage Is twice that of 
the ful 1-wave, 



4l0v 




-iov 



BRIDGE 
RECTIFIER 




+1Qv 



OR 



-10 v 



BRIDGE 
RECTIFIER 



OGLED! J 



The circuit for a bridge rectifier requires \k) diodes. 
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AT THIS POINT, YOU HAY TAKE THE LESION PROGRESS CHECK. IF YOU 
ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON. 
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, 
THE CORRECT ANSWER J AGE WILL REFER YOU TO THE APPROPRIATE PAGES, 
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS 
LESSON. YOU ARE HAVING DIFFICULTY WITH. IT YOU FEtL THAT YOU HAVE 
FAILED 70 UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE 
ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF 
APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU 
CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY. 




63 6 9 




COMPLACENCY KILLS! 



ERIC 




Twenty^ I V 



PROGRAMMED INSTRUCTION 
LESSON IV 

Power Supply Rectifiers 



GO FIRST TO TEST FRAME (18) AND SEE IF YOU CAN ANSWER ALL THE QUESTIONS 
THERE. FOLLOW THE 01RECTI0NS GIVEN AFTER YHE TEST FRAM£, 

I* Rcctffier circuits have one function: to convert AC voltage into 
DC voltage. In this lesson we will discuss three types of rectifiers: 
Half-Wave; Full-Wave; and Bridge. 

Each of the three types of rectifiers '»se one or more diodes . A 
diode, the key to rectifier operation, *s a device that allows current 
to flow easily in one direction but offers tremendous opposition to 
current flow in the other direction. 

This is the schematic symbol for a 'diode* 
The short vertical line is referred to as the 
cath ode and the solid triangular figure is called 
the anode . A diode will readily conduct current 
from the o-Jthoce to the anode or, said differently 
against tho arr in the diode symbol* 

Draw an arrow indicating the direction of current flow through, and label 
the parts of, the diode below. (Uno a separate sheet of paper,) 



CATHODE 




CUBWEHT FtOW 
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2. As stated in the previous frame, current will only flow from cathode 
to anode in a diode. Therefore, in order for current to flow, the cathode 
must be negative with respect **o the anode* When these polarity conditions 
are met, the diode is said to be forward biased . If the cathode's poten- 
tial is positive and the anode's potential is negative, no current flows. 
This condition is referred to as reverse biased . 

What are the bias conditions of the diodes below? 




a. reverse biased 

b. forward biased 
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3* From the defini tions of diode bias, it is the relative voltage across 
the diode that determines whether or not the diode will conduct. For 
example: A diode thot has 0 volts on the cathode and +10 volts on the 
anode is forward biased, (V*<* cathode is negative with respect to the 
anode) * 



let's take another example: If a diode has +10 volts on the cathode and 
*20 volts on the anode, the difference of potential across the diode is 
again 10 vott>. The cathode is less positive than the anode. 



1-1 ov 




+10V (+} 



The meter reads a difference of 10 volts. 
The cathode is negative with respect to 
the anode. 



10V 




The meter reads a differnece of 10 volts. 
The cathode again, is negative with respect 
to the anode. 



10V 



Which of the following diodes will conduct current (more than one choice 
may be correct)?) 



+Sv 




-Sv 



+10v 





Ov 



a> c f and d only 
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J*. The first rectifier we will discuss is the half-wave. It uses 



This rectifier will allow only negative half-cycles to pass from the 
transformer secondary to point A. When the top of the transformer 
secondary is negative and the bottom is positive, current will flow 
clockwise from the top of the transformer, through the diode, down 
through R. , and back to the bottom of the V ansformer. 



Since current flows from top to bottom through R^, the top of (point 
A) will be negative in respect to ground. 

Would current flow counter-clockwise through the circuit? 



No - the diode will block counter-clockwise current, (or words to that 
effect.) 



one diode. 



HALF WAVE 
RECTIFIER 
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5* [Hiring the negative half-cycle, when the top of the transformer 
secondary is positive and the bottom is negative, no current will flow 
through the circuit and the voltage at point A will be zero with respect 
to ground. 



RL 



Therefore, only negative half-cycles will appear at point A and the 
output voltage is negative pulsating DC voltage. 

If the diode in the above circuit was physically turned around, what 
kind of voltage would appear at point A? 



Positive pulsating DC voltage. (or words to *,hat effect.) 
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6* This circuit will provide positive pulsating DC voltage. 



i 1 




(n block diagram form* the circuit above could be shown as: 



TRANSFORM Eh 



HALF WAVE 
RECTIFIER 



-+15V 

-15v 



/positive o.c\ 

V OUTPUT } 



Draw* on a separate sheet of paper* the output waveform for the circuit 
i l lustrated above. 



Turn: 
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7. The voltage obtained from a half -wave rectifier is pulsating DC 
voltage, but only half of the AC alternations are felt at the output. 
A full-wave rectifier will convert every alternation of the input 
voltage to one polarity at the output. By rectifying every alternation - 
the full-wave rectifier will have less variation in the output DC volt^ 
age than the output obtained from the half-wave rectifier. However, 
because* the f,ul1-wave rectifier uses a center-tapped secondary, it will 
have only half the peak amplitude of the half-wave rectifier with the 
same input signal. Compare the below outputs. 






Which rectifier has les£ variation in the pulsating DC output? 



ful l-wave rectifier 
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8. A full-wave rectifier uses two d iodes in order to rectify every alter- 
nation of the input AC voltage. 




FULL WAVE 
RECTIFIER 



The rectifier above provides negative pulsating DC voltage, but if the 
diodes were physically turned around, the circuit wou'd provide positive 
pulsating DC voltage. Notice that a transformer with a center-tapped 
secondary winding is used. You will recall that a center-tapped trans- 
former winding provides two equal) out-of-phase voltages* For example, 
at one instant of time the top of the transformer secondary is positive 
with respect to ground. 




What would the polarity at the bottom of the transformer with respect 
to ground be at that instant? 



negat i ve 
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3* Since current flows from negative to positive, diode CR2 will con-* 
duct current and diode CRI will block current when the top of the 
winding is positive and the bottom of the winding is negative. 




Current flows from the bottom of the transformer, through CR2, down 
through R^, and back to the center-tap, via ground. The top of R^ 

wi H be negat i ve in respect to ground , and a negat i ve hal f-cycl e will 
be fel t at point A. 

Draw on a separate sheet of paper, the waveform that would appear at 
point A, 



-^7 
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10. On the next half-cycle, the top of the transformer secondary will 
be negative when the, bottom is positive* 




Current will now flow from the top of the secondary, through CRJ , down 
through R^, and back to the center-tap v?a ground. Notice that the 

flow through is in the same direction as before, and, consequently, 
the voltage across is the same as before. The same polarity of alter- 
nations wilt always reach point A ™ first from one diode, ^ then from the 
other diode. 

Draw, on a separate sheet of paper, the negative output waveform, given 
the input waveform across the transformer. 



4fe 



TRANSFORMER 



FULL WAVE 
RECTIFIER 



(NEGATIVE) 

Voutpuv 



+10v 
♦5v 

-5v 
-10v 



Remember that the center-tap on 
the transformer secondary winding 
halves the total AC voltage. 



c \JJOJ 
■5V 
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11* UibeJ the circuits below as either a h<s!f-wave or full-wave recti- 
fier, (Use a separate sheet of paper.) 



44- 





12, Which rectifier has the greater variation in the DC output vot- + 
tage — half-wave or full-wave? 

* 
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half-wave 



13. Draw the output wavefoms for the circuits illustrated. (Assume a 
positive DC output and use a separate sheet of paper.) 





+20 ¥ 





HALF WAVE 


Ov 




RECTIFIER 














FULL WAVE 






RECTIFIER 


Ov 




-20* 





HALF WAVE 




RECTIFIER 




r~ 

"Ut.L WAVE 

1 Rectifier 



-10v 

-20tf 

+20v- 

- tOv 

-20* 
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Ik. A third type of rectifier is called a bridge rectifier and uses 
four (J*) diodes. 




For the same input voltage* the bridge rectifier has twice the 
output DC voltage of a full-wave rectifier. Notice that a bridge 
does not use a transformer with a center- tapped secondary so the full 
amplitude of the secondary voltage is transmitted to the output. 

Draw, on a separate sheet of paper* the output for a bridge rectifier 
(assume a positive DC output)* 
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15* The bridge rectifier is normally shown on schematic diagrams in 
a "diamond 11 pattern. The configuration may look complicated at first 
glance, but if we trace current flow on each half cycle of AC voltage 
on the transformer, it should be clear how the bridge 
rectifier does its job. 




1h 



Diodes CM and CR*t will ccnduct with the above polarity of voltage on 
the transformer, and diodes CR2 and CR3 will not conduct current* 
Trace the flow from the top of the transformer back to the bottom 
of the transformer. Current f1o»;s through CM, up 
through R^ r and through CR*K 

If current flow through 3^ Is as shown, mark the relative polarities 
on the ends of the resistor* (Use a separate sheet of paper*} 
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16. On the next half-cycle, the top oV the secondary winding will be 
positive and the bottom will be negative. 




Diodes CR2 and CR3 wl 1 1 conduct and diodes CfU and CfU* wilt no£ conduct. 
Using the arrows, trace current through the circuit- Remember that there 
must be a complete path for current (from the negative side of the secon- 
dary back to the positive side of the secondary)* f 

Current through R ( Is in the (same/opposi te| direction as before, 

j:..: 
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17. The current flow through R^ will always be in the same direction* 
Therefore, the output voltage polarity will alwayo be the same despite 
the fact that the AC voltage Is changing polarity many times p^r second 
The output voltage from a bridge lectifter will vary at the same fre- 
quency but twice the peak amplitude as the output from a full-wave 
rectifier with the same applied voltage. 

(Remerrtber: The full-wave rectifier uses a center*tapped transformer 
while the bridge does not.) 

Draw the output waveforms (assume positive rectification) for the 
following circuits. (Use a separate sheet of paper.) 
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18. TEST FRAPS 

On a separate sheet of paper, label each rectifier type shown below. 




THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT ANSWERS 
GIVEN AT THE TO' OF JHl NEXT PAGE. 
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a. full-wave 

b . b 5 r t dge 

c. half-wave 



AT THIS POINT* YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU 
ANSWER ALL SELF-TEST ITEMS CORRECTLY* PROCEEO TO THE CEXT LESSON. 
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, 
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES, 
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUOY THE PARTS OF THIS 
LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE 
FAILED TO UNOERSTANO ALL, OR MOST, OF THE LESSON, SELECT ANO USE 
ANOTHER WRITTEN MEOIUM OF INSTRUCTION, AUOfO/VISUAL MATERIALS (IF 
APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, HNTJ L YOU 
CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY. 
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NARRATIVE 
LESSON IV 

Power Supp 1 y Rectifiers 



Rectifier circuits have one function: to convert AC voltage into DC 
voltage* This lesson will cover three basic types of rectifiers: Half" 
wave, full -wave, and bridge* Each of these rectifiers uses one or more 
diodes. A diode, the key to rectifier operation, is a device that 
allows current to flow easily in one direction but offers tremendous 
opposition to current flow in the other direction. 



cathode , mm 



FORWAH0 



CURttST FLOjjf 



As you can see in the illustration, current will only flow from the 
cathode (schematically depicted as a short vertical line) to the anode 
{depicted as a solid triangular figure). Therefore, in order for current 
to flow, the, cathode must be negative with respect to the anode. When 
these polarity conditions are met, the diode is said to be forward biased . 
If the cathode is mor* positive than the anode, no current flows. ~ Thi s 
cpndition is referr% lo as reverse bias, (See the following illustration*) 



CATHODE MODE - 

-FORWARD BIAS 

CURRENT FLOW 



- Urii - REVERSE BIAS 

m CURREKT FLOW 

The simplest rectifier circuit is a ha lf- wave rectifier which consists of 
a sinqte diode. Vhe diode is connected to the secondary of a transformer 
and it will block either the positive or nec,«tlve alternation of the AC 
current in fhe secondary* Note the direction of the diode ?n the half- 
wave rectifier shown below* 
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Ttie voltage on the secondary of the transformer is AC - i.e. the voltage 
is changing polarity many times per second (probably 60 times per second) 
When the top of the secondary is negative and the bottom is positive, 



+10V 



-10V 



V 




current will flow clockwise, through the diode and through R^. 

Because the diode is acting like a short; R. will be in parallel with 
the transformer secondary and feel the same half-cycle of voltage. 

During a negative half-cycle on the transformer primary, the top of 
the secondary will be positive and the bottom will be negative. 

A 



•MOV 
-10V 



A 



\7 



RL 



XT 

- 10V 



Current will attempt to flow counter-clockwise Jn the circuit, but 
current cannot flow through the diode. Therefore, with no current 
tSrough the secondary, no voltage can be developed. If no voltage is 
developed by the secondary, no vol h 3ge can be felt on R . Effectively, 
this half-wave rectifier eliminat', at) positive half-cycles at the 
output and only the negati*"* ha 1 c cles will be allowed to pass thus 
creating a negative pulsat' jC voltage. 



3 



1 



TRANSFORMER | 


HALF WAVE 


i 


rtECTIFIER 



If the A i ode is turned around, 
+ 10\T^ ~5 



-10V 



^7 




the circuit is still a half-wave rectifier, but now the positive half- 
cycles will be allowed to pass. 



ERJC 
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Draw the output waveform if the output is pos i t i v e pulsating DC from a 
half-wave rectifier. 



-10V v v 









TRANSFORMER 




HALF WAVE 




(IV 


RECTIFIER 



•V 



+ 10V 

Q a a a a 



f 1 fu 1 1- wave rectifier uses two diodes to convert each negative and positive 
alternation of the input AC voltage to one polarity at the output. Like the 
half-wave rectifier* the full-wave rectifier output will be either positive 
or negative pulsating DC. This circuit is a full-wave rectifier with a neg- 
ative DC output: 





H i 


i 




j CR1 1 












1 CRZ 1 






! 14 ! 





RL 



t p 

By using a c j nter-tdpped transformer* we can effectively ha\e 
two half-wave rectifiers feeding the samte load (R^) • Each rect- 
ifier wiP provide a pulse that Is one-half the amplitude of the 
peak input voltage. In this manner we can use both half cycles 
^ f the Input AC voltage. For example* say that the top of the primary 
is negative and the bottom is positive on one half-cycle of the input 
voltage. 



\ 
% 




Since ^Jrrent flows from negative to positive only, CFU will not conduct 
current, but CR2 will conduct. Current will flow through CR2* down through 
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R^, and back to the secondary center-tap via the ground. Since curr nt 

flows down through R^ t the top of H. will be negative with respect to 
ground. 

On the next half-cycle* *he top cf the primary will oe positive and the 
bottom veil I be negative. 



V 




Current will now flow through CR1 ♦ tut not through CR2, and the current 
will again flow down through R . The top of R will again be negative 
in respect to ground. 

The rectifier example shown above nj 1 ' allow only the negative half-cycles 
to pass to the output — first from one diode* and then from the Other. 
The Output combines the alternations from each diode to produce pulsating 
DC voltages since the polarity of voltages at the output wilt always be 
the same. 



The below circuit is also a fu It-wave rectifier* 

K. W— 



1 



1 
i' 



Will the output voltage be positive or negative in respect to ground' 



positive - note that the diodes are Reversed from the mil-wave recti- 
fier with a negative output voltage* so current v/ll flow in the oppo- 
site di rect ion. 
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In the illustration below* both rectifiers will provide an average 
output of approximately +5V0C for an AC input of 10V peak. 
The difference is that the pulsating CC output of the full-wave 
rectifier wilt have less amplitude variation than the pulsating 
DC output of the half-wave rectifier. The reason for this is 
two-fold: First, a center-tapped transformer will provide orly 
one-half of the available vott&ge (in this case 5V for 10V); secondj 
because every half-cycle is used the output never really returns 
to 0V level and we are able to maintain an average voltage of 
approximately +5VDC. 

+10 











TRANSFORMER 




FUll WAVE 








RECTIFIER 




- 









+5V 





HAlF WAVE 






RECTIFIER 


•V 



Identify and label the half-wave and full-wave rectifier circuits Hlus* 
trated below. 





WAVE 

RECTIFIER 



a. half-wave rectifier 

b, full-wave rectifier 
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The last type of rscti f ier we will discuss is :al led the bridge recti- 
fier* The bridge rectifier is the most commonly used rectifier in elec- 
tronic equipment. Four (M diodes are used to convert each alternation 
of the transformer secondary AC voltage ,nto either positive or negative 
DC voltage at the output like a full -wave rectifier. 

The circuit configuration for a bridge rectifier is normally shown on 
schematic diagrams with the diodes in a "diamond" pattern. 



The diodes are arranged so that the output' vol tage will always be of the 
same polarity even though the input AC voltage changes polarity many 
times per second. The bridge circuit may look complicated at first glance, 
but it Is fairly simple to analyze if you keep in mind that at any instant 
of time only two diodes are conducting current, Th£ other two diodes will 
block current flow* For example,, say that the top of the transformer sec- 
ondary is negative ;,nd the bottom is positive. ^ 



On this half-cycle, CM and CR4 will conaUct current, and CR2 and CR3 
will block current flow* Current flows from the negative side of the 
secondary winding, through CR1, up through R ( , through CR4, and back' 





RL 
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to the positive side of the secondary winding* There is no other com" 
plete path for current flow from the negative side to the positive side 
of the secondary winding* Try to find another complete path for current 
(remember that current flows from negative to pos f tive) . 

Since the current flow through R^ is from bottom to top, the top of 
R^ will be positive in respect to the bottom. 

On the next half-cycle, CR2 and CR3 will conduct current and Cftl and 
CR*» will block current. 




Let's trace the current path again* Current flows from the bottom of 
the secondary winding (now negative), through C^3, up through through 

CR2, and back to the positive side of the secondary winding. The current 
through f* L is in the same direction as before, so the polarity of voltage 

at the output is still the same* 

The variations in the pulsating DC voltage will be about the same as the 
variations obtained with a full-wave rectifier if both circuits use the 
same transformer and the £ame primary voltage. However, the peak ampli- 
tude of the bridge is twice the amplitude of the full wave rectifier. 
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"Mm 



100 VAC 




100V 



mm 



"fllllr t : anfforme '; ; are same except the full wave circuit trans- 

rormer is center- tapped. n cm* 

cCrr^l: ' Ul i»^ V ?i ^Il CUl 5 ' "I 811 " tIme ' there ' s ° n,y one diod * P**»"S 
current, Each ^iode gets only one-half or the secondary voltage, Therefo 

the output voltage is equal to one-half of the peak input voltage. 

In the bridge circuit, however, the two diodes that are passing current 
at any one time are connected across the whole secondary of the -trans forme 
Therefore, the output voltage is equal to the peak input voltage* 

tages ea aJe: YPe ° f r£ " ifier CirCuit > some °' 'he advantages and disadvan- 



* ADVANTAGES 

HALF-WAVE s imp le c i rcui t* few 

components < 

FULL-WAVE Low voltage variation 

in output,* 

BRIDGE Low voltage variation 

in output, higher out- 
put vol tage. 



DISADVANTAGES 

High voltage variation, 
lew output current. 

More components, 
low output voltage. 

Complex circuitry, 
more components. 
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AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU 
ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON. 
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, 
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES, 
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS 
LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE 
FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE 
ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF 
APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU 
CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY. 
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OVERVIEW 
LESSON V 

Power Supply Filters 



In- this lesson you will study and learn about the function of the power 
supply filter, and the schematics and output waveforms of capacitor input 
choke input, and Pi filters. 

The"' learning objectives of this lesson are as follows: 
TERMINAL OBJECTIVE(S) : 

20.5-40 When the student completes this course he will be able to 

TROUBLESHOOT two (one at a time) faulty solid state power 
supplies to the component level, given a training device* 
multimeter* oscilloscope, and schematic diagrams. 
Repair work will be done with similar components on a 
practice card. Fault diagnosis to be 1 00% correct with 
repair work passing a Learning Supervisor's visual and 
physical check. 

ENABLING OBJECTIVE(S) : 

Wherr the student completes this lesson* he will be able to; 

20.5*40.10 0BSEKVE, MEASURE* and INTERPRET the output waveforms and vol 
tages from the filter stage of an electronic power supply* 
yiven an oscilloscope, and a training device. 
Readings must be within specified tolerances. 

,20*5*40.10.1 IDENTIFY schematic configurations of capacitor input, choke 
input, and pi type filters of electronic power supplies, 
given schematic configurations of each. 100% accuracy is 
requi red. 

20*5- 40. 10. 2 IDENTIFY the output waveform of an electronic power supply 
filter circuit* given drawings of various waveforms only 
one of which is correct* 100% accuracy is required. 



BEFORE YOU START THIS LESSON, REM) THE LESSON LEARNING OBJECTIVES 
AND REVIEW THE LIST OF STUDY RESOURCES ON THE NEXT PAGE. 

J 00 
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LIST OF STUDY RESOURCES 
LESSON V 



Power Supply Fi Iters 



To learn the material in this lesson you have the option of choosing, 
according to your experience and preferences, any or all of the 
following study resources: 



Written Lesson presentation in: 
* Module Booklet; 
Summary 

Programmed instruction 
Narrative 

Student's Guide; 

Audio/Visual Response Sheet Twenty - V "Rectifiers and Filters" 
Job Program Twenty - V "Power Supply 4 * 
Progress Check 

Additional Material (s): 

Audio/Visual Program Twenty - V "Basic Power Supply Filters" 

Enrichment Materials): 

Electronics Installation and Maintenance Book, Electronic Circuits, 
NAVSHIPS 0967-000-0120, section 2 



YOU HAY USE ANY, OR ALL, RESOURCES LISTED ABOVE, INCLUDING THE LEARNING 
SUPERVISOR; HOWEVER, ALL MATERIALS LISTED ARE NOT NECESSARILY REQUIRED 
TO ACHIEVE LESSON OBJECTIVES. THE PROGRESS CHECK MAY BE TAKEN AT ANY 
TIME. 
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SUMMARY 
LESSON V 



Fi I ter Sect ion 



Filter circuits used in power supplies are of two genei al types; capacitor 
i nput 



and choke input. 



-N- 



1 



I J 




The filter's sole purpose is to, remove the pulsations from the rectifier 
output to produce a smooth DC voltage. 

The C apacitor Input Fi Iter produces a smooth, steady DC vol tage by 
opposing any change in voltage. The Choke Input Filter accomplishes 
the same thing by opposing any change in current , A happy median is 
reached by combining the two filters and creating a pi filter. The 
pi filter is a capacitor input filter that may have either a coil or a 
resistor separating a ppir of capacitors in parallel. 



-M- 



-1 



The pi configuration using thfe coil is the most common one used in elec- 
tronics, it can provide high voltage and high current. The pi filter 
gets its name from its schematic configuration which is usually drawn 
to resemble t*ie Greek letter pf M* 
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AT THIS POINT, YOU KAY TAKE THE LESSOR PROGRESS CHECK. \ F YOU 
ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON. 
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, 
THE CORRECT ANSWER PAGE WILL RETER YOU TO THE APPROPRIATE PAGES , 
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS 
LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE 
FAILED TO UNDERSTAND AIL, OR MOST, OF THE LESSON, SELECT AND USE 
ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF 
APPLICABLE) , OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU 
CAN ANSV. R ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY. 
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PROGRAMMED INSTRUCTION 
LESSON V 

Filter Section 



GO FIRST TO TEST FRAME 8 AND SEE IF YOU CAN ANSWER ALL THE QUESTIONS* 
FOLLOW THE DIRECTIONS GIVEN AFTER THE TEST FRAME* 

1* The output of a rectifier ts a pulsating DC voltage* This pulsating 
DC voltage Is usually of little use In electronic equipment* A steady, 
constant DC level Is required* To get this steady voltage we use a 
filter to remove the pulsations* The filter will not remove all of the 
variations in the DC output. The variations that refljaln are called 
ripple* 

Which of the Illustrations below best describe what a filter does? 



a* 



FILTER 



b. 



FILTER 



-o, n n 



+io*« v 

0* 



.l^Xn— FILTER ^..-O-Q 



d. 



o — L JY J — I FILTER 
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2. There are two basic electronic components used in filters; capaci- 
tors and coils (chokes). A capac i tor is used because it opposes any 
change in vol tage , and a coi 1 is used because it opposes any change in 
current . 

These components determine the n^me and basic puspose of tlie filter. 
If the closest component to the rectifier is a capacitor... 



f""1 



-M- 



T 

I 



it is called a Capac ; tor I nput Fi 1 ter 
and will provide maximum voltage. 



If the closest component to the rectifier .is a cofl (choke).. 

ri^ — — 



T 

I 



i 1-J 



it is cal led a Choke Input Pi Iter and 
4r will provide maximum current. 



Match the filter schematic with its description as to the type and 
appl ication. 



a, 



b 




1. Choke input for high voltage. 

2. Capacitor input for high current. 
3- Choke input for high current. 

k. Capacitor input for high voltage. 



a, 4, b. 3 
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3* The capacitor input filter maintains a high voltage level because the 
capactior charges very quickly and discharges much more slowly. This 
slow discharge rate means that before the capacitor can discbarge very 
much the next pujse has arrived and boosted the voltage level back to 
peak value. 

The choke input filter opposes any change in current. As the voltage 
pulsates, the current fellows. The coil opposes the current change to 
obtain a relatively steady current output to the load. This constant 
current flow, passing through a fixed resrstor, provides a steady vol- 
tage. 

A capacitor input filter provides a constant high level, while a 

input filter provides a constant current* 



lor; 

too 



P*U 
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voltage, choke (in that order) 



The addition of a capacitor and a resisto^ to the capacitor input ftl 

ter 




T 

1 



or another capacitor to the choke input filter 



13 




T 
I 



PL 



provides us with configurations called Pi filters* (The name is derivec 
from the Greek letter pi U)-) The pi filter with the resistor is used 
mainly in low current applications. 



The pi filter with the coi I is, probably thq most common configuration 
found in power supplies* The capaci tor 1 s ability to maintain a con- 
stant hjgh voltage and the ioil'*s ability to maintain a constant current 
gives us the best of both worlds* 

The pi f i 1 ter is produced by addi ng a and a to a capac i tor 

input filter or by adding a to the choke input filter. 



capaci tor , res is tor , capac i tor (in that order ) 
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5- Which of these filters would be used for high voltage? 

a. r — i b. 

r 



I 



r ~ — — 1 

— VW 



LOAD 



LOAD 



Hf-4 



j 

-WW f r 



t LOAD 



I 



* LOAD 



1 I 



!T+ (c will block all DC voltage from the load) 



6, Which of these filters would be used for high current? 



a. 



T 

1 



b. ~r 



10*0 



-AA/v- 



LOAD 



C. 



i 1 



I i 
( I 
I I 



d. 



LOAD 



-Wv — 



I 



LOAD 



a. 



Pic 
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7. Which filter Is a pi filter? 

a. 




b. 



LOAD 



i i 



LOAD 




I I 



b» (Choices a and d will divert the DC to ground) 
8, TEST FRAME 

The pi filter provides the high capacity of a capacitor Input 

filter and the high capacity of a choke Input filter • 



THIS IS A TEST FRAME. COMPARE YOUR ANSWER WITH THE CORRECT ANSWER 
GIVEN AT THE TOP-OF THE NEXT PAGE* 



t 
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voltage, current t*n that order) 

AT THIS POINT, YOU HAY TAKE THE LESSON PROGRESS CHECK. IF YOU 
ANSWER ALL SELF-TES T ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON. 
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, 
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES, 
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS 
LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE 
FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE 
ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF 
APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU 
CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY. 
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NARRATIVE 
LESSON V 

il ter Section 



The pulsating DC supplied by the rectifier is of little practical use in 
most electronic equipment. What is usually required is a smooth DC voltage. 
In order to get thfs voltage we use a fj 1 ter to smooth out the pulsations. 
The filter will not get rid of all of the pulsations, just most of them. 
The voltage variations that are left are called ripple. 



+ 10 v 




There are two basic electronic components that are used as filters; the 
capacitor; because it opposes any change in voltage, and the coil (choke) 
because it opposes any change in current. 

What fs the function of the filter stage of a power supply? 



To remove pulsations from the rectifier output and give a smooth DC 
voltage, (or words to that effect) 

When a coil is used as the first component following the rectifier out- 
put f the f E 1 ter is cal 1 ed a Choke Input Fj 1 ter * 




When a capacitor is the first component foJlowing the rectifier, the 
filter is called a Capacitor Input Filter * 



r 1 
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What type of input filter does the following schematic show? 




Capacitor input filterT 



How do filters work? Well, in the capacitor input fTter, 



T"1 



i 



i 



LOAD 



the capacitor charges very qui^'dy up 
to the applied voltage and discharges 
very slowly. 



L ! 



This slow discharge means that before the capacitor 1 can dlicharye com- 
pletely the next pulsation has arrived and boosted the voltage to its 
original level. This input to^ the filter 



+ 10 v 



Ov- 



cm 



will give this output from the f i 1 ter 




The choke (coil) filter opposes current change . It opposes current change 
throughout the entire alternation of the pulsed DC* This gives a relatively 
constant current output to the load, which results in a constant voltage. 



IERJC 
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The addition of a capacitor and a resistor to the capacitor input filter 




or adding another capacitor to the choke input filter 




gives us a common configuration called a Pi filter. (The only reason 
for the name is because the schematic resembles the Greek Letter Pi 

un. 

The pi filter with the resistor Is used mainly in low current applica- 
tions* — — ^ 



The pi filter with a coil is probably used to a greater extent than any 
other filter in power supplv applications* This pi filter takes advan- 
tage of the capacitor's ability to maintain a constarrt high voltage and 
the coi 1 's abi 1 i ty to main tain a constant high current. 
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Identify the correct schematic illustration of a power supply's pi filter. 



a. r 




1 



1 



c. 



1 



T 
I 



T 

I 



J 



1 



d. 



I 



-VW 



1 



AT THIS POINT, YOU HAY TAKE THE LESSON PROGRESS CHECK. IF YOU 
ANSWER ALLSELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON. • 
IF YOU INCORRECTLY ANSWER ONLY A- FEW OF THE PROGRESS CHECK QUESTIONS, 
THE CORRECT ANSWER PAGE WILL "REFER YOU TO THE APPROPRIATE PAGES, 
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS 
LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE 
FAILED TO UNDERSTAND ALL, OR MOST, 0> THE LESSON, SELECT AND USE 
ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDfO/ViSUAL MATERIALS (IF 
APPLICABLE), OR CONSULTATION' WITH LEARNING SUPERVISOR, UNTIL YOU 
CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY. 
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OVERVIEW 
LESSON VI 

Power Supply Regulators 

In this lesson you will study and learn about the function of a voltage 
regulator, the operation of a simple series regulator, the operation of 
a simple shunt regulator, and the purpose of a zener diode in a shunt 
voltage regulators. 

The learning objectives of this lesson ?re as follows: 
TERMINAL OBJECTIVE (S) : 

20.6.1*0 When the student completes this course he will be able to 
TR0UBLESHO0T two, (one at a time) faulty solfd state power 
supplies to the component level, given a training device, 
multimeter, oscilloscope, and schematic diagrams. Repair 
work will be done with similar components on a practice 
card* Fault diagnosis to be 100% correct with repair 
work passing a Learning Supervisor's visual and physical 
check. _____ 

ENABLING OBJECTIVE(S): 

When the student completes this lesson, he will be able to: 

20.6.1*0. 1 1 OBSERVE, MEASURE and INTERPRET the voltage at the power supply 
regulator output when (l) input voltages change and (2) when 
loads are added, given a VOM, schematic diagram, a job program, 
and a training device with provisions *or varying line voltage 
and load conditions. Readings to be within tolerances speci- 
fied in the job program. 
* 

20.6.^*0.11.1 10ENTIFY the function of a series regulator by selecting the 
statement best describing the function of an electronic 
series regulator, given an Illustration and a s^t of state- 
ments. 100$ accuracy is required. 

20.6.1*0.11.2 I0ENTITY the function of a shunt regulator by selecting the 
statement best describing the function of an electronic shunt 
regulator, given an illustration and a set of statements. 
)00% accuracy is, required. 

20.6.1*0.11.3 I0ENTIFY the function of a Zener diode acting as a voltage 
regulator in a power supply by selecting the most correct 
statement from a list of statements, one of which correctly 
describes the functions of a Zener diode, given an illus- 
tration and a set of statements. 100% accuracy is required. 
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OVERVIEW 



20.6.40.11.4 



MATCH the physical components of the output stage of an 
electronic power supply with their respective schematic 
symbols given a schematic diagram, a job program, and a 
training device power supply, 100? accuracy is required 

20,6*40.11.4,! IDENTIFY the location of components, letter number desig 
nations and test points of the output stage of an elec- 
tronic power supply as required on tht; job program given 
a schematic diagram and a training device power supply, 
1 00% accuracy is required. 



BEFORE YOU START THIS LESSON, REA0 THE LESSON LEARNING OBJECTIVES AN0 
PREVIEW THE LIST OF STU0Y RESOURCES ON THE NEXT PAGE. 
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LIST OF STUDY RESOURCES 
LESSON VI 



Power Supply Regulators 



To learn the material in this lesson, you have the option of choosing, 
according to your experience and preferences, any or all of the follow- 
ing ctudy resources: 

Written Lesson presentation in: 

Module Booklet: 

Summary 

Programmed Instruct Ion 
Na rrat ive 

Student's Guide: 

Progress Check 

Enrichment Material(s)* 

Electronics Installation and Maintenance Book, Electronic Circuits, 
NAVSHIPS 0967-000-0120, section 2 



YOU MAY USE ANV, OR ALL, RESOURCES LISTED ABOVE, INCLUDING THE LEARNING 
SUPERVISOR; HOWEVER, ALL MATERIALS LISTED ARE NOT NECESSARILY INQUIRED 
TO ACHIEVE LESSON OBJECTIVES, THE PROGRESS CHECK MAY BE TAKEN AT ANY 
TIME. 
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.SUMMARY 
LESSON VI 

Power Supply Regulator Theory 

*> 

A voltage regulator is the final stage In many power supplies. A voltage 
regulator will maintain a constant DC output voltage in spite of Input AC 
Hne voltage fluctuations or output toad changes* 

There are two classifications of voltage regulators: series regulators 
and shunt regulators. Regulators are classified according to the way the 
regulating device is connected with the load; in series or in parallel 
(shunt). 

The simplest type _>f regulator is a series regulator. 



INPUT DC 
VOLTAGE 
(FROM FILTER) 



— vyv- 

f RV 



SERIES 
REGULATOR 



ftL 



LOAD 
VOLTAGE 



In this schematic, the regulating device Is represented by a variable 
resistor (Rv) * If the Input DC voltage from the filter increases, the 
resistance of Rv may be increased in order to maintain a constant voltage 
across R^* By the same token, Rv may be decreased if Input voltage de- 
creases, 

A shunt regulator has the regulating device in parallel with the load; 



+ o 



INP^T DC 
VOLTAGE 




U I 



LOAD 
RL VOLTAGE 



Rs Is a resistor in series with the load and Rv again represents a re- 
gulating device. If the Input voltage Increases, it Is necessary to 
Increase the voltage drop on Rs in order to maintain a constant voltage 
across R^, By decreasing the resistance of Rv, the current flow through 

Rv and Rs will increase and the voltage drop across Rs will increase. 
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if the input voltage decreases, the resistance of Rv must be increased 
to decrease the voltage drop r across Rs to maintain a constant voltage 
across R^. 

Most regulators do not use variable resistors because t!:e input voltage 
will fluctuate too rapidly to be controlled manually. One type of auto- 
matic regulating device is the Zener diode. A Zener diode is a special 
kindof diode that will maintain a constant voltage (known as Zener 
voltage) when biased to conduct in the reverse direction even through its 
current may vary over a wide range. 

A shunt voltage regulator using a Zener diode is shown below: . 



Since the Zener diode maintains a constant load voltage, all increases 
and decreases tn input DC voljage or variations of the load will be 
absorbed by the series resistor Rs. 



at this point, you may take the lesson progress check. if you 
answer all self-test items correctly, proceeo to the next lesson, 
if you incorrectly answer only a few of the progress check questions, 
the correct answer page will refer you to the appropriate pages, 
paragraphs, or frames so that you can restudy the parts of this 
lesson you are having difficulty with. if you feel that you have 
failed to understand all, or most, of the lesson, select and use 
another written medium. of instruction, audio/visual materials (if 
appl i cable) , or consultation with .learning supekvisor, until you 
can answer all self-test items on the progress check correctly. 



INPUT DC 
VOLTAGE , 

(FROM FILTER) 



12V 




REGULATED 
OUTPUT 

9.2 V 



I J 
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• - PROGRAMMED INSTRUCTION 

LESSON VI 

Power Supply Regulators 

TEST FRAMES ARE ID, AND 18, AS BEFORE, GO FIRST TO TEST FRAME *? AND 
SEE IF YOU CAN ANSWER ALL THE QUESTIONS THERE, FOLLOW THE DIRECTIONS 
GIVEN AFTER THE TEST FRAME, 

I* The final stage in many power supplies is a voltage regulator circuit* 
A voltage regulator will maintain a constant DC output voltage in spite 
of input AC line voltage fluctuations or output load changes* Precision 
electronic equipment requires a constant DC voltage for proper operation, 
but there are several reasons why the DC output voltage might tend to 
va ry : 
^ 

a. The input AC x line voltage may vary. 

b. The load on the power supply might change; for instance,, 
part of the circuit must be removed during testing, 

c. Aging of components; the characteristics of resistors, 
transistorSi and some other components will change as 
they -get older. 

Therefore, to^offset factors that affect voltage, a voltage regulator 
must maina i n a ^^^^^^^^ DC output vol tage. 



constant 



121 



Twenty-VI 



2. A voltage regulator will always have some sort of regulating device 
to adjust voltage and/or current in case AC line voltage fluctuates or 
the load changes. The simplest type of regulating device is a variable 
resistor. A variable resistor can be placed in series with a load resis- 
tance. (Note; the load will be represented as a resistor (R^) in this 

lesson, but the load may actually be an entire electronic circuit.) 



INPUT DC 
VOLTAGE 




LOAD 
VOLTAGE 



In the example above, Rv is a variable resistor, R^ represents the load, 

and 20v DC will be supplied from the filter circuit of a power supply. 
Rv and R^ each have a voltage drop of I0v. 

(f the voltage from the filter increases to 22v, the voltages across Rv 
and R^ will also increase - to-llv each - since the total voltage drop 

r,.ust equal the applied voltage. 



INPUT DC 
VOLTAGE 



22v 



1 



-AA/V 
Jrv 



tlv 



11v<RL 



LOAD 
VOLTAGE 



But the voltage across R L must remain lOv In order to make the circuit 
operate properly. 



What component ih the circuit can be adjusted to reduce the current flow 
through resistor R L ? 



Rv c?n be adjusted 
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3- Let's say that we, i ncrease the resistance of Rv until Rv drops 12v 
and R^ drops lOv: 



INPUT DC 
VOLTAGE 



+ t 

1 12v 
22v 

.'J . 



. n t LOAD 

IOvcrl \)OLTAGE 



Now the load voltage has been "regulated" or adjusted to maintain a 
constant lOv. 

If the voItSge from the filter dropped to l8v, what must be done within 
this circuit to maintain a constant 10v across R^? __. 



The voltage across ftv must be adjusted to 8v. (or wgros to that effect)" 



V- ft 
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4. TEST FRAME 

The type of regulator discussed so far is called a Series Regulator 
since the regulating device is in series with the load resistance. In 
order to maintain a constant voltage across R, in a series regulator 

+ o »_i^/yv- 

I Jrv 

INPUT DC 
p VOLTAGE 

- O — : 

the* resi stance of Rv must be- *_ if the input DC voltage increases. 



f 

this is a test frame. compare your answers with the correct answers 
given at ti:e top of the next page. 




LOAD 
A/OLTAGE 



0 
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increased 



IF YOUR ANSWER HATCHES THE CORRECT ANSWER, YOU KAY GO ON TO TEST FRAME 10. 
OTHERWISE, GO BACK TO FRAME I AND TAKE THE PROGRAMMED SEQUENCE BEFORE TAK- 
ING TEST FRAME h AGAIN, 

5, A voltage regulator will maintain a constant in spite of 

input voltage or output load • 



DC output voltage, fluctuations, changes 



6, Another type of regulator circuit Is the shunt regulator in which the 
regulating device Is in parallel with the load. 

For example, again say that the DC voltage from the filter Is 20v DC: 

+ j — ^ AAj m i + 



INPUT DC 
VOLTAGE 




LOAD 

RL VOLTAGE 
10V 



The voltage required across R^ is 10v, Note that the voltage across R^ 

plus the voltage across Rs must be equal to the total DC voltage from 
the filter. 
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If the DC voltage from the filter increases to 22v DC because of an in- 
crease in AC line voltage, all voltages will tend to increase proportion- 
ally: 



INPUT DC 
VOLTAGE 




LOAD 
VOLTAGE 



The voltage across R^ is now llv. But we require jOv across 

In order to obtain lOv across R^ with an input DC voltage of 22v DC, 
what voltage must exist across Rs? 



12V 



7. The only adjustment available in the circuit is Rv. By decreasing 
the resistance of Rv, we increase current flow through Rv. Note that 
Rv and Rs are in series, so increasing the current through Rv a I so 
increases the current through Rs. 

Let's increase the cui rent flow through Rs until the voltage drop across 
Rs increases to 12v. What is the voltage across R. now: 



INPUT DC 
VOLTAGE 




LOAD 
VOLTAGE 



tt9 
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10V 

8. We have now adjusted the load voltage back to lOv when the -input DC 
voltage increased. Assume that the input voltage decreased to I5v: 



INPUT DC 
VOLTAGE 




LOAD 
RL VOLTAGE 



Do we increase or decrease the resistance of Rv to obtain lOv at R L ? 



Increase the resistance of Rv in order to reduce the current through Rs, 
9. Now what is the voltage across Rs? 

, + 



INPUT DC 
VOLTAGE 




LOAD 
RL VOLTAGE 
10V 



- o 



5V 
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JO. TEST FRAME 

tn genera), If the Input DC voltage increases in a shunt voltage regulator 



+ o- 



-VW- 

RS 



INPUT 1C 
VOLTAGE 



-O- 




RV 



1 



LOAD 
RL VOLTAGE 



we should ( increase/decrease) the resistance of Rv In order to maintain a 
constant voltage across R^, 



THIS IS A TEST FRAME. COMPARE YOUR ANSWER WITH THE ANSWER GIVEN AT THE 
TDP OF THE NEXT PAGE. 
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decrease 



IF YOUR ANSWER MATCHES THE CORRECT ANSWER YOU KAY GO ON TO TEST FRAME 18. 
OTHERWISE, GO flACK TO FRAME 5 AND TAKE THE PROGRAMMED SEQUENCE BEFORE 
TAKING TEST FRAME 10 AGAIN. 

II. As seen, the output DC voltage may be maintained at a constant level 
if the input DC voltage changes. But we can also compensate for changes 
in load. Refer to the serfes regulator below: 

+ 0- 



INPUT DC 
VOLTAGE 
(FROM FILTER) 

Resistances Rv and R^ form a voltage divider network to divide the total 

input DC voltage proportionately. If R^ decreases in value, Rv must also 

be decreased in value in order to maintain the same resistance proportion* 
The variable resistor is always adjusted to maintain the same proportion 
of voltages across Rv and R^, 

If R^ Increases, should. we increase or decrease Rv in order to maintain 
a constant load voltage? 



_Jrv 



SERIES ^ RL 

REGULATOR 



increase Rv 



12. A shunt voltage regulator can also compensate for changes in the 
load resistance. The load resistance and the variable resistance are 
in ^aral lei : x> 



INPUT DC 
VOLTAGE 
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The parallel combination of Rv and R^ must be maintained at a constant 

resistance in order to maintain a constant load voltage* Therefore, if 
R^ increases Rv must be decreased. Wha f should be done if the load re- 
sistance decreases? 



Increase Rv 



13- So far, you have seen the voltage regulating device represented as 
a Vs. table resistor, Normally, a variable resistor cannot be used since 
the voltage fluctuations occur too rapidly to be corrected manually. 
Host voltage regulators operate automatically and will continuously re- 
gulate the output voltage without any external manipulation. One such 
automatic regulator uses a regulating device called a Zener diode: 



INPUT DC 
VOLTAGE 



i 



Rs 



ZENER 
DIODE 




LOAD 
VOLTAGE 



Would the above Zener diode regulator be classified as a shunt regulator 
or a series regulator? 



Shunt regulator ~ since the regulating device, the Zener diode, is in 
parallel (shunt) with the load, 

A Zener diode is a special type of diode that blocks current Ifke a 
normal diode until the applied voltage reaches a value known as the 
bre akdown voltage or Zener vol tage . When this happens the Zener diode 
inducts from its anode to its cathode (with the arrow!!!), lhe Zener 
diode will maintain this constant voltage (Zener voltage) as long as the 
Zensr continues to conduct. The Zener current can vary over a range. 
Zener diodes are available with various Zener voltages. Some of the 
common schematic symbols for Zener diodes are: 
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A Zener diode is conducting from anode to cathode, tt will 

a* Maintain a constant voltage drop. 

b. Burn out* 

c. Increase voltage as current increases. 



a. Maintain a constant voltage drop. 



15* A shunt voltage regulator using a Zener diode has the Zener diode 
in parallel with the load resistor: 



INPUT DC 
VOLTAGE 



T 



20 v 



W\A- 
Rs 

10v 



1 



10v 



R L LOAD 
*10v VOLTAGE 



For example, say, that the input DC voltage from the filter is 20v and 
the Zener vol tacje is lOv- Since the Zener j_s in parallel with the 
load, the load voltage will also be lOv* 

If input voltage increases to 22v, the Zener diode voltage will not 
increase. However, the Zener diode current wi 1 1 increase which in- 
creases the current through Rs, The voltage drop across Rs increases 
because of the increased current: 



INPUT DC 
VOLTAGE 



T 



22V 

-L 



Rs 



10V <R L LOAD 
10V VOLTAGE 



Now what is the voltage drop across Rs? 



T2V" 
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16* The series resistor, Rs > absorbs the entire increase or decrease of 
input voltage. If the input DC voltage decreases, the current through 
Rs and the Zener diode will a I so decrease , but again, the voltage drop 
across the Zener will not change. 

What is t'le voltage across ft f if the input voltage changes to t5v DC? 



.T 



INPUT DC^y 
VOLTAGE 



1 



■vW- 



10v 



LOAD 
VOLTAGE 



IQV 

17. If the input voltage drops below the Zener voltage, the Zener diode 
will stop conducting and there will be no regulating effect. Therefore, 
because of the presence of resistance Rs in the reg> lator circuit, the 
input voltage must always be higher than the 7ener voltage. 

If 12v is required across the load resistance in the circuit below, what 
can be said about the requirement of the input DC voltage from the filter? 



+ 0- 



INPUT PC 
VOLTAGE 



ZENER 
DIODE 



12 V 



-O- 



LOAD 
VOLTAGE 



It must be higher than 12V. 
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18. TEST FKAME 

1. A Zener diode can be used as part of a voltage regulator because 



\_^. St 



ate the purpose of a voltage regulator. 



•THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT ANSWERS 
GIVEN AT THE TOP OF THE NEXT PAGE. 
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T. ft" maintains a constan: DC vol tage drop, (or words to that effect) 
2. A voltage regulator will maintain a constant DC output voltage in 
spite of input AC line voltage fluctuations or output load changes, (or 
words to that effect) 



IF YOUR ANSWERS HATCH THE CORRECT ANSWER, YOU HAVt COMPLETED THE 
PROGRAMMED INSTRUCTION FOR LESSON VI MODULE TWENTY. OTHERWISE GO BACK 
TO FRAME 'I I AND TAKE THE PROGRAMMED SEQUENCE BE* ORE TAKING TEST FRAME 
18 AGAIN. 

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU 
ANSWER ALL SELF-TEST ITEMS CORRFCTLY, PROCEED TO THE NEXT LESSON 
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, 
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES, 
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS 
LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE 
FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE 
ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF 
APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU 
CAN ANSWER ALL SELF- TEST ITEMS ON THE PROGRESS CHECK CORRECTLY. 
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NARRATIVE 
LESSON VI 

Powe'r Supply Regulators 

The final stage In many power supplies ts a voltage regulator circuit* 
A voltage regulator will maintain a constant DC output voltage tn spite 
of Input AC tine voltage fluctuations or output load changes* .Precision 
electronic equipment requires a constant DC voltage for proper operation* 
There are several reasons why the voltage might te^ ' to vary; 

a* The Input AC line voltage may vary* 

b* The load on the power supply might change* v 
c* Components will age; the characteristics of resistors, tran- 
slators, and some other components wt 1 1 change as they get 
older* 

Despite ihese various factors that affect voltage, a voltage regulator 
will maintain a constant DC output* 

A voltage reguJator wilt always have some sort of regulating device to 
adjust voltage and/or current. Regulators are classified as shunt reg- 
ulators or series regulators depending on whether the regulating device 
Is In parallel (shunt) or^ln series with the load* (In this lesson, the 
load wilt be represented by a resistor (R^) although the load may actually 
be an entire electronic circuit*) 



A simple series regulator Is shown below; 



INPUT DC 
VOLTAGE- 
(FftOM FILTER) 




REGULATED 
OUTPUT 



The regulating device,, ts represented by a variable resistor (Rv). If 
the DC voltage from the filter Increases, the resistance of Rv will be 
manually Increased In order to maintain a constant voltage across R^. If 

the Input voltage decreases, would you Increase or decrease Rv In order 
to maintain a constants vol tage across fi^? 



decrease the resistance of Rv 
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A shunt regulator has theregulatlng device^ (Rv) In parallel with the toad: 



RS 



+o- 



INPUT DC , 
VOLTAGE 
(FROM FILTER) 



-Or- 




Dl REGULATED 
RL OUTPUT' 



Rs is £ resistor in series with the load, and Rv* again represents a 
regulating device. Note that the voltage agfoss Rv plus the voltage 
across Rs must-be equal to the total DC voltage from the filter since 
they are in series*- The voltage across 'focan^Tl^ will be the same 

because they are in parallel* Therefiore, jlf the injiytf^Joltage increases* 
it Is necessary to increase the voj/age drffipj pf Rs In order to maintain 
the original voltage across R^ an<f Rv* t^fe €nly adjustment is Rv* By 

decreasin g the resistance of Rv* the current flow through Rv and Rs will 
Increase because the circuit has less total resistance* With an Increase 
"in current flow through Rs the voltage drop across Rs will increase * 
Therefore* If the input voltage Increases* Rv must be decreased to main- 
tain a constant voltage across the load* 



Assume that the input voltage decreases* Do we increase or decrease 
Rv to maintain a- constant load voltage? 



Increase the resistance of Rv 



As seen* the output DC .voltage may be maintained at a constant level 
if the input DC voltages changes. t Also* both the series and the shunt 
regulator can compensate for changes In the load* 

Refer to the series regulator below: 



INPU7 DC 
VOLTAGE 




Resistance Rv and R^ form a voltage divider network which divide the 
total input DC voltage proportionately. If R^ decreases in value* Rv 
must jIso be decreased In value to maintain the same proportion. 
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Assume that the Input DC voltage is 20v and the voltage required across 
R L Is lOv, If the load Is 20 ohms, Rv must also be 20 ohms, If the 

load resistance decreases to 15 ohm£ , Rv will need to be decreased to 
15 ohms also, The variable resistor is adjusted to maintain the same 
proportion of voltages across Rv and R^» 

If R^ increases, should we Increase or decrease Rv in order to maintain 
a constant load voltage? 



Increase Rv 



A shunt voltage regulator can also compensate for changes in the load 
resistance, The load resistance and the variable resistance are in 
parallel : 

+ 0 VVv f | + 

INPUT DC L»S % LOAD 

VOLTAGE RV > >RL VOLTAG* 



The parallel combination of Rv ?nd R^ must be maintained at a constant 

resistance in order to maintain a constant load voltage. Therefore, if 
R^ increases, Rv must be decreased, 

What should be done If the load resistance decreases? 



Increase Rv 



So far, you have seen the voltage regulating device represented as a 
variable resistor, Normally* * variable resistor cannot be *jsed since 
the voltage fluctuations occur too rapidly to be corrected manually. 
Most voltage regulators operate automatically and wIH continuously 
regulate the output voltage without any external manipulation, One such 
automatic regulator uses a device called a Zener d iode: below are some 
schematic symbols of Zener diodes, 
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Zener diodes, like other diodes you have studied, will pass current 
(against the arrow) when forward biased and block current when reverse 
biased. However, should you increase the reverse bias to higher and 
higher levels, it will reach a point at which the diode conducts in the 
reverse direction (with the arrow). This point is known as the peak inverse 
voltage (PIV). If this point is reached irr a normal diode, it will destroy 
the diode, but a ZENER diode is constructed in such a manner that it will 
conduct in the reverse direction without burning up. The reverse bias 
point at which a Zener diode will conduct is called BREAKDOWN VOLTAGE 
or ZENER VOLTAGE* Zener diodes are normally biased to operate (conduct) 
in the reverse direction. When the Zener diode does conduct In the re* 
verse direction, it will maintain a constant voltage drop over a specific 
range of current. The Zener accomplishes this by decreasing its internal 
resistance as the reverse bias voltage tends to increase and increasing 
its internal resistance as the reverse bias voltage tends to decrease. 
The point at which the Zener will conduct in the reverse direction (break- 
down or Zener voltage) and the range over which it will maintain a 
regulated voitage (Avalanche region) is predetermined by the way it is 
manufactured, and it varies from one z^ner fype to another, according to 
need. Zener diodes are therefore classified according to Zener breakdown 
voltage and current handling capability. 

Now that we know how the Zener basically works let's plug it into a 
shunt regulator circuit. 



In the illustration, notice that the Zener replaces the variable resistor 
(Rv) . The following voltages have been assigned for ease of explanation. 
The Zener has been reverse-biased into conduction and thus will maintain 
a 9.2 VDC voltage drop. Because the Zener is in parallel with the load 
(R L ) it will regulate the load voltage to 9.2 VDC, 

AT THIS POINT, YOU HAY TAKE THE LESSON PROGRESS CHECK. IF YOU 
ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON. 
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, 
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES, 
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS 
LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE 
FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE 
ANOTHER WRKTEN MEDIUM OF INSTRUCTION* AUDIO/V t SUAi. MATERIALS (IF 
APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU 
CAN ANSWER ALL SELF-TEST iTEMS ON THE PROGRESS CHECK CORRECTLY. 



INPUT DC 
VOLTAGE 




LOAD 
VOLTAGE 
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OVERVIEW 
LESSON VJJ 

Power Supply System Concept 

In this lesson you will study and learn about the cause and affect of 
loading and interloading. As you proceed through this lesson, observe 
and follow di rections carefully. 

The learning objectives of this lesson are as follows: 
TERMINAL OBJECTI VE (S) : 

20.7. J*0 When the student completes this course he will be able to 

TROUBLESHOOT two (one at a time) faulty solid state power 
supplies to the component level, given a training device, 
multimeter, oscilloscope, and schematic diagrams. Repair 
' work will be done with similar components on a practice 
card. Fault diagnosis to be 100% correct with repair work 
passing a Learning Supervisor's visual and physical check. 

ENABLING OBJECT! VE (S) : 

When the student completes this lesson, he will be able to: 

20.7.J*0.12 OBSERVE, MEASURE, RECORD and INTERPRET the normal waveforms 
at the output from each stage of an electronic power supply 
when each stage is in a loaded condition, given a training 
device, schematic diagrams, a job program, and an osctllo* 
1 scope. Readings to fall within specified tolerances. 

20.7.^*0.13 IDENTITY how changes in current requirements are compensated 
for in an electronic power supply by selecting the correct 
statement from a list, given a list of choices only one of 
which is correct. 100^ accuracy is required. 

20.7.^*0.1^ IDENTIFY the stage of an electronic power supply showing the 
most noticeable output waveform change as a result of inter- 
stage loading by selecting the correct statement concerning 
such change, given a list of statements only one of which is 
correct, lool accuracy is required. 
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20«7.J*0«U*t DEFINE the cause of ''loading 11 by selecting the correct ( state- 
ment of the cause of loading of an electronic system, given a 
list of statements only one of which !s correct. 1 00% accuracy 
is required. 

20.7,J*0* H.2 STATE the effect(s) of 14 loading' 4 of an electronic system by 
selecting the correct statement of the effect(s) of loading 
given a list of statements only one of which is correct. 
100? accuracy is required. 



BEFORE YOU START THfS ESSON, REAO THE LESSON LEARNING OBJECTIVES ANO 
PREVIEW THE LIST OF STUDY RESOURCES ON THE NEXT PAGE. 
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LIST OF STUDY RESOURCES 
LESSON VI I 

Power Supply System Concept 

To learh the material in this lesson, you have the option of closing, 
according to your experience and preferences, any or all of the follow" 
fng study resources: 

Written Lesson presentation in: 

Module Booklet: 

Summary 

Programmed Instruction 
Narrative 

Student's Guide: 

Job Program Twenty * VII "Power Supply Filtering, Regulation 

and Loading Effects 11 

Progress Check 

Enrichment Material(s): 

Electronics Installation and Maintenance Book, Electronic Circuits, 
NAVSH1PS 0967-000-0120, section 2 



YOU MAY USE ANY, OR ALL, RESOURCES LISTED ABOVE, INCLUDING THE LEARNING 
SUPERVISOR; HOWEVER, ALL MATERIALS LISTED ARE HOT NECESSARILY REQUIRED 
TO ACHIEVE LESSON OBJECTIVES. THE PROGRESS CHECK MAY BE TAKEN AT ANY 
TIME. 
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. SUMMARY 
LESSON VH 

power Supply System Concept 



The previous six lessons dealt with the functional stages of the power . 
supply. This lesson is designed to present a system concept of the pow&r 
supply. This lesson covers the following areas: 

1. The effects of loading and th6\ Importance of match!; 3 the power 
supply specifications to the load. 

2* The effects of interstage loading in the power supply system. 



11 (VAC 



INPUT 
STAGE 




£ECOfcDARY 
STAGE 




recti? reft 

STAGE 




FILTER 
STAGE 




REGULATOR 
STAGE 











POWER SUrPLY SYSTEM 



The five stages of the power supply make up a system. This system is 
designed to perform a specific overall function. That function is to 
provide tKe voltage and current requirements of the load. Any device or 
circuit connected to the power supply is called the load. As long as 
the power supply is matched to the load, the power supply will perform 
with no difficulty, if a mismatch occurs between the power supply and 
- load, th£ power supply will operate much like a track star trying to 
run with a 200 pound weight- Not only will the power supply encounter 
serious problems with performance; it may also fail to hold up under 
the strain of the mismatch. 

When a load is added to the power supply, the total impedance offered 
to the II5VAC changes. If *he load Is primarily the addition of parallel 
impedance the total impedance of both circuits will decrease* (Adding 
resistance in parallel will decrease the total resistance of all, the 
: branches). Adding a load that is mainly in series between the power 
supply and the original load will increase the total impedance of the 
network. If the load impedance increases or decreases, the amount of 
current drawn from the 1 1 5VAC souce will change* ^ 
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115 



1 * 






POWER 




LOAD 
SYSTEM 


VAC ! 


SUPPLY 
SYSTEM 


DC 











EQUIPMENT SYSTEM 

(f the load attached to the power supply is fixed, it is simple to design 
a power supply to provide a constant ✓oltage. The situation changes when 
the load is variable. Without regulation, everytime the variable toad's . 
impedance changes, the current through the entire system changes. The 
voltage output of the power supply will also change. By using an oscillo 
scope, the voltage Output can be seen to change with changes in the 
variable toad. % Automatic voltage regulators correct this varying Output 
voltage. Tor example, the Zener diode w iH pass more or less current de- 
pending on how much current is demanded by the variable load. Since 
current in each parallel branch is additive, total current is the sum of 
the current in each branch. When the variable load is reduced, more cur- 
rent will try to flow in the lead. The Zener will adjust its internal 
resistance and allow less current to flow through it. The increase in 
current through the load is exactly offset by the decrease of current 
through the Zener, Therefore, total system current remains unchanged. 



^G^OWER 
SUPPLY ZENER 




The Zener is capable of operating only within a specific range of current 
changes. If the load calls for more regulation, than the Zener can pro- 
vide, total current will start to rise; total voltage start to decrease. 
When this happens the power supply is said to be overloaded. 



Secondary is a load 
to the input stage. 



115, VAC 



INPUT 
STAGE 



SECONDARY 
STAGE 
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When stages are added in sequence to the 115 VAC source, total impedance 
changes with each addition. For instance, the input stage offers a 
specific amount of impedance to the 115 VAC. When the secondary stage i 
then added, the secondary will act like 3 load to the input stage. In 
other words, each stage added acts like a load to the previous stage or 
stages. When the loading effect of each stage within the power supply 
system is considered, it is referred to as interstage loading. The most 
visible interstage loading occurs when the filter is added to the recti- 
fier. The "bumps" coming out of the rectifier are immediately changed t 
a ripple. The loading effect of the filter causes this change. 



.ftfcCTIFIEf^ 



RECTtFlEft 




FILTER 






■ 1 





Wi thout A Load 



With A Filter Load 



When the regulator is added to the filter, the amount of ripple in the 
filter increases. Without the regulator, the filter does a great job 
of smoothing out the "bumps" from the rectifier. The regulator load 
drsws current through the filter and makes the filter. work harder. The 
final result—the ripple becomes r>.ore pronounced. 



So remember, each stage of the power supply has a specific function. 
Each separate function combines to produce the system function. One 
system interacts with another system (power supply + radio Circuits) 
to provide another combined system function (receive radio" broadcasts). 
These interlocking functions have endless combinations. 



AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU 
ANSWER ALL Sf LF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON. 
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, 
THE CORRECT ANSWER PAGE WILL REFEP YOU TO THE APPROPRIATE PAGES, 
PARAGRAPHS,- OR FRAMES SO THAT YOU CAN fvESTUDY THE PARTS OF THIS 
LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE 
FAILED TO UNDERSTAND ALL, OR MOST, OF T!!E LESSON, SELECT AND USE 
ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUoio/VISUAL MATERIALS (IF 
APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU 
CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY. 
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PROGRAKMEO INSTRUCTION 
LESSON VII 

Power Supply System Concept 



TEST FRAMES ARE 10, 13, 19 AND 22* GO FIRST TO TEST FRAHE Sk ANO 
SEE IF YOU CAN ANSWER THE QUESTIONS* FOLLOW THE DIRECTIONS AT THE 
ENO OF THE TEST FRAME* 

1* In this lesson we will discuss the power supply In a system* You 
will see how each stage of the power supply Is connected to the other 
stages and how they interact with each other* Voltage, current, and 
Impedance relationships are Important for the proper operation of the 
system* Remembering Ohm's Law; I = E/Z, we see that a change in resis- 
tance or Impedance wilt result In a change in current, as long as the 
voltage Is held constant* The greater the Impedance; the smaller the 
current* * t ^ 

With a decrease in the Impedance in the system, which statement is the 
n*ost probable result? 

a* current decreases 

b* current Increases 

C* voltage decreases 

! d, voltage Increases 

] 

K 



IT current Increases 



72* These changes in Impedance can be thought of as the "loading effect 11 * 
/A load effect Is caused by any circuit added to a system which causes 
/ the Impedance of the system to change and tnereby the amount of current 
(, to charge* Adding circuits in parallel to the power supply system causes 
\ the /t6tat Impedance of the power supply and toad to drop* On the other 
\handi (f the load Is added *n series with the existing load, the overall 
Impedance wll 1 Increase* 



a* 



b* 



Loading a system with mainly parallel Impedances will do what to 
the total current drawn or demanded from the 115 VAC source? 
tf the load Impedance Is added In series, what will happen to 
the current? 
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a- increases current in parallel, 
b. falls for series load* 



3, tn working with our system we must match our load to the power supply 
design capabilities. Just as you wouldn't try to light your housa with 
a flashlight battery, you wouldn't use 115 VAC in your flashlight. The 
loading effects mainly result in chanoe of current requirements in elec- 
tronic circuits. As circuits are added or removed, the current required 
from the power supply will Increase or decrease. Therefore, it is im- 
portant to match the power supply to the load* 



No response required 



TEST FRAME 

If the load requires 100 Vo1ts> any 100 Volt power supply will work* 
(True/False) . 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWER WITH THE CORRECT ANSWER GJVEN 
AT THE TOP OF THE NEXT PAGE.) 
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False. Current requirements must also be met before the load and power 
supply may be considered matched, _ 



IF YOUR ANSWER HATCHES THE CORRECT ANSWER, YOU MAY GO ON TO TEST FRAME 10. 
OTHERWISE GO BACK TO FRAME I AND TAKE THE PROGRAMMED SEQUENCE BEFORE TAK- 
ING TEST FRAME U AGAIN. 

5- B> taking the power supply stages you've learned about and connecting 
them together, we can r,ake a power supply system . The first stage of our 
system is the input. 




INPUT STAGE 

As soon as we turn the switch on, 115 VAC witl be applied to DS1 and 
the primary of the transformer. The input stage rjow acts as a load 
to the 1 1 5V source. The current required will be the sum of the cur- 
rents through DS1 o^d the primary of the transformer. 

Would the load on the 115 VAC source increase or decrease in DSI were 
to burn out? 



decrease 



6, As soon as we add the secondary of the transformer to the system the 
impedance of the fnput will change because the secondary impedance will 
be reflected back into the primary of the transformer* 

Now any change in secondary impedance (z) will cause a corresponding 
change in input impedance. 
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If current goes up in the secondary what happens tc current supplies *>y 
the 1 15 VAC source? v 



Current will increase. 



7* The next stage that we add to our system is the rectifier. The recti 
fier is a "load 11 to the first two stages of the power supply. Total im- 
pedance of the system will be changed by current flow in the rectifier 
circuit. Arty time the addition of one stage of a system loads other 
stages in the system we call that interstage loading. In other words t 
interstage loading is moused by a change of impedance in one stage which 
affects the impedance of other stages in the same system. 





INPUT 




SECONDARY 




RECTIFIER 




115 VAC 


X-7" 







The output ***om the rectifier will be pulsating DC, Dependent 
type of rectifier (full or half wave) you have, the output may 
different, but it wilt still be pulsating t)C. 



upon the 
look 



SI * 



Fl 



T1 



DS1 




Will the * Id i ti on of the rect i f i er 
the transformer secondary? 



stage cause i nter stage 



l^ad i rig on 
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Yes 



8, As we construct our power supply system further, we add a fitter/ 
The filter is used to smooth out'the "bumps" from the rectifier. 





INPUT 




SECONDARY 




RECTtFIER 


/YYYY\ 


FILTER 















The filter is used to give a smoother DC- By adding the filter, we 
again "load" the previous stages and the total impedance of our system 
changes. The filter is a parallel impedance, which causes the total 
impedance of our power supply to change, therefore total circuit current 
changes interstage loading again! 




The output voltage from the fitter will be much more than the peak out- 
put of the rectifier- (True/ Fa I se) 



False 
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9* When the filter is added to the rectifier in our system we may see 
the most visible effect of interstrge loading. 





RECTIFIER 











RECTIFIER 




FILTER 











Without the Filter Wi th the Filter "Loading" 

t he Rectifier 

As soon as the filter is added to the rectifier in ou£ power supply sys- 
tem, the "bumps" coming out of the rectifier change to a ripple. There 
is an i mmediate change in the total impedance of our system. It is not 
just felt at the filter. The filter is a "load" to the rectifier. 



No response required* 

10, TEST FRAME 

If, after the filter has been added to the system, we see pulsating Of 
coming out of the rectifier, the filter is probably good, (True/False) 



(THIS JS A TEST FRAME. COMPARE YOUR ANSWER WITH THE CORRECT ANSWER GIVEN 
' AT THE TOP OF THE NEXT PAGE,) 
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False 



IF YDUR ANSWER MATCHES THE CORRECT ANSWER', YOU MAY GO ON TO TEST FRAME 13- 
OTHERWISE, GO BACK TO FRAME 5 AND TAKE THE PROGRAMMED SEQUENCE BEFORE TAK- 
ING TEST 'FRAME 10 AGAIN. 



tl. Following the filter in our power supply, we add a regulator. For 
this regulator we use a Zener diode: 









SECONDARY 




RECTIFIER 




FlwTER 




REGULATOR 




INPUT 












S fc .GE 




STAGE 




STAGE 




STAGE 




STAGE 





The regulator is used to give us a constant output voltage. The regulator 
is added in parallel in our system, therefore, It causes total impedance 
to decrease. 




The power supply we have constructed, now has a specific value of imped- 
ance, therefore, we wi M have a certain voitage output. 

When the regulator ib added to the system, however, totai current in our 
system wr ! I increase. 
(True/Fa Ise) 



True 
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i"z. Any changes in the output of our system are compensated for by the 
Zener changing its internal impedance. If there is more current drawn 
from the power supply the Zener wilt increase in impeoance to maintain 
the same, voltage a-t the output. Remembering Ohm's Law, E = IZ, we can 
see why thi s is. v 



— •- 



S1 



F1 



OS1 



T1 




We have now constructed a Power Supply Cystem . 



Ho response required. 



13- TEST FRAME 

In the circuit shown in Frame 12, where would you expect to read total 
current? 

t . Po i n t A 

2. Point 8 

3- Point C 

k. Point D 

5. Point E 

6. Point F 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT ANSWERS 
GIVEN AT THE TOP OF THE NEXT PAGE.) 
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1. Point A, 



IF YOUR ANSWER MATCHES THE CORRECT ANSWER, YOU KAY GO ON TO TEST FRAME ]$* 
OTHERWISE GO BACK TO FRAME 11 AND TAKE THE PROGRAMMED SEQUENCE BEFORE 
TAKING TEST FRAME 13 AGAIN. 

1*t. Let's see what would happen if we change or add components in our 
system. Let's place a dropping rccfjlor (Rs) after the filter. 




What would we expect to happen in this power supply? 



Current goes down* 

15. We now have a Power Supply System but ft doesn't do us any good unless 
we use it to supply power to something* Let's connect a constant or fixed 
"load" to our power supply and see what happens. 




We'll represent the "load" with a resistor, R] offers a specific 
amount of Impedance to the power supply. When we connect SL to the 
output terminals our effective impedance will change throughout the 
power supply. For example, if we add a load that is mainly parallel 
impedance, the total Impedance will decrease and total current will 
increase. If the load is added in series with existing loads, impe- 
dance goes up and current goes down. 
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Adding a "load 11 to the power supply will cause total jmpedance to 



a* increase 

b, decrease 

c* either a or b 

d, remain constant 



c; either a or b 



16, With a constant toad, the Impedance does not change. If the 115 VAC 
at the Input remains constant, there Is no need for voltage or current 
regulation. But component values change with age and our Input may 
also vary, so we must have some way <to compensate for these changes* 
Host of the time these changes are gradual so we 1 11 use a variable 
resistor to give us a constant DC output.* 



20V 



AA/v 



R1 



10V 



Rl may be adjusted to drop 20 volts. If our load requires a constant 
10 volts and Input voltage changes we may adjust Rt to drop more or 
less voltage and gives us aconstant 10'votts across our load. 

If current increased what would have to be done with Rl? 



Increase Rt to maintain a constant output voltage, 

17* We added a constant toad to our system, now let's see what happens 
If a variable load is a<Jded, 



T1 



S1 

©i 

F1 DS1 

A> 




I" I 

±C1 ± 



-o , 



_C2 <™ < 

j 4 ■^■o- -— J 
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*-e can see that if is changed, current will change and cause voltage 
Ut change throughout our system, This loading effect is undesirable. In 
circuits which have more zhv. one branch in the load any change in the 
variable branch will affect the voltages across the other branches. 

LOAD 

T1 



SI 
F1 



— • i 


1 j 






DS1 




ft 4 






I" branch 2 is changed, a voltage change will also appear on branch 1 and 
cause it to function inproperty. ,For example, let's say that branch 2 is 
3C and 50 volts is dropped across it, We have t amp of current flow 
through Branch 2. Branch I is 100^. It has ,5 amp through it for a 
total current of 1-5 amps. If Branch 2 is increased to 100^, current 
crops to ,5 amp, This in turn decreases total current to 1 amp. With 
decreased current the voltage losses in the earlier stages will be less, 

the voltage across branch 1 will increase. The point is, without a 
regulator in the circuit, current changes in one branch will cause volt- 
cice changes in the other branches. 

Wnat would be the effect on Branch t of decreasing the resistance of 
Branch 21 

a. increased current 

b. decreased current 

c. increased voltage 

d. no effect 



decreased cur rent . 
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18. We've seen a power supply wtth a constant load, and *,itii a variable 

load. What can be done to maintain voHage constant in a load tnat >,as 

variable and fixed branches? We use a >ener diode as a regulator in oui 
po,j£r supply. 




Now if R2 is changed^ the Zener diode will adjust it* internal impedance 
instantaneously to allow more or !e^s current flow to give us a constant 
output across our load. Look at the iullowino power supply with a fixed 
and a variable load; 



LOAD 




branch 2 changed, tne total ni.reHance of the load will chanae. Total 
impedance of the power supply will tend to change, but the Zener adjusts 
its internal impedance instantaneously to compensate for any cnanges in 
external impedance. If branch 2 were increased to 100. , the total imped- 
ance of our load would increase and the current through the load would 
decrease. The current supplied by the power supply does not chanqe* re- 
cause the Zener doesn't allow "t to. 

If load impedance increases the Zener will decrease its impedance to allow 
more current to flow and maintain a constant output voltage to the load. 



No response req u i red . 



19, TEST FRAME 

The impedance of the Zener is inversely proportional to the variable loart 
; mpedance. - {True/fa 1 se) 



(THIS IS A TEST FRAME, COMPARE YOUfc ANSWER WITH THfc CORRECT AN b WE ft GIVEN 
' AT THE TOP OF THE NF*T PAGE- ) 
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True 



IF YOUR ANSWER HATCHES THE CORRECT ANSWER, YOU KAY GO ON TO TEST FRAME 22. 
OTHERWISE GO BACK TO FRAHE 1*1 AND TAKE THE PROGRAMMED SEQUENCE BEFORE 
TAKING TEST FRAME 19 AGAIN. 

2jJ|&&ven though the Zener is a good device it will only do so much. It 
w™ operate over a range of current values. If the power supply is 
"overloaded" (something is drawing too much current and is about to 
burn .up), the impedance of the Zener will approach infinity and since it 
will no longer draw current it can not regulate the voltage. This is why 
a fuse is used in the input stage. The fuse is rated at a certain current 
and if more current is drawn than the fuse is designed for. It will blow. 
The fuse protects the power supply and the load. The fuse will usually 
be of a lower current rating than the rated current handling capabilities 
of the power supply and* the load-. (True/False) 



True, 



21. Something to remember is that any time a circuit Is added [n our sys- 
tem or a M load u is placed on the power supply, the impedance is reflected 
back into the previous stages and then into the source. - 




Thus, any changes will be felt by each of the stages and by the source, 
and must be compensated for* A change in load impedance would change 
the amount of current drawn from the source. (True/False)' 



True, 
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22. TEST FRAME 



Hatch the answers tn Column B with the proper statement in Column A. 



Column A 


Column 6 


I* The addition of circuits which causes 


a. Zener Diode 


total impedance to change. 


b- Interstage loading 




c. Filter 


2« Compensates for changes in variable 


d- Loading 


load « 


e. Loading Effect 



3- Loading within the Power Supply System. 

It. Change in voltage due to change in current. 



(THIS IS A TEST FRAME, COMPARE YOUR ANSWERS WITH THE CORRECT ANSWERS 
GIVEN AT THE TOP OF THE NEXT PAGE, ) 
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"f~d"i 2. a; T.b-, k.e 



IF YOUR ANSWER MATCHES THE CORRECT ANSWER YOU HAVE COMPLETED THE PRO- 
GRAMMED INSTRUCTION FOR LESSON VII MODULE TWENTY. OTHERWISE GO BACK 
TO FRAME 20 AND TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 
22 AGAIN. 

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU 
ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON . 
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, 
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES, 
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS 
LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE 
FAILED TO UNDERSTAND ALL-, OR MOST, OF THF LESSON SELECT AND USE 
ANO T HER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF 
APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU 
CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY. 
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NARRATIVE 
LESSON VII 

Power Supply System Concept 

A student just beginning studies of DC theory in a Navy technical school 
has a small problem. The battery of Ms transistor radio went dead and 
he didn't have a spare. So he thought he'd apply some of the knowledge 
he had gained from his technical training. He reasoned that since the 
battery used in his transistor radio was only 12 volts and voltage deter- 
mines the amount of current in the circuit; he would use a car battery 
to operate his radio. In addition, he figured the car battery would 
last a lot loncier than the tiny 12 volt battery. He, therefore, made the 
following connections. 




The radio played fine! His buddies were impressed by his ingenuity. So, 
fdvorably encouraged, he decided to further improve the performance of 
his radio. He knew that the smalt size of his radio's speaker was a 
prime factor that made the sound quality inferior when compared to larger 
radios. If he hooked up larger speakers to the radio, he was sure the 
sound quality would improve. However, when he had tried it In the past, 
his tiny radio did not put out enough power to drive the large speakers 
above a whisper. Ahl but his time would be different. With a bigger 
power source. . .vol ume should be no problem. After all, the volume depends 
on the amount of current and the car battery should certainly be capable 
of supplying more than enough current to drive the larger speakers. He 
then made the following connections: 
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SPEAKER 




CAR 
BATTERY 



SPEAKER 



TUT 



o 
o 



© 




The transistor radio was turned on. It went off like a flashbulb! Puff 
and smoke. When our friend opened the radio, he found the whole inside 
was solid state. The circuit board, transistors, wirefc, and other com- 
ponents had all melted into a chunk of material that no one would have 
ever guessed was once a radio. 

What went wrong? Our student was not stupid. He did not have any pro- 
blems working Ohm's law in school but when he tried to apply it, the 
radio burned up. Why? 

All circuits use current, voltage* and impedance. Host electronic cir- 
cuits hold voltage constant. With voltage constant, .he only way to 
change current is to vary impedance. If the voltage is 10 volts and the 
impedance is 1 ohm, the current is equal to 10 amps (I * E/fO ♦ If the 
impedance is then increased to 100 ohms, the current demand falls to .1 
amp* When the student added the two speakers in paraljel, the total im- 
pedance of the radio was decreased (adding impedance in parallel* lowers 
the total impedance). The current demanded by the radio circuit increased. 
The components tn the radio were not designed for nandltng the increased 
current. When the normal 12 volt battery was used, it could not supply 
this increased current demand. But using a car battery that is capable 
of supplying up to 200 amps for short periods of time, the increased 
current was supplied. All the circuit components responded by burning 
up. j 

If the speakers had been added in series, the total circuit impedance 
would have increased. Current demand would have decreased. Nothing 
would have happened to the radio. But with less current to the big 
speakers, you would not have been able to hear them. 
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The moral of the story Is: be sure to match the power supply to the cir- 
cuit load* The correct matching of the pcwer supply to the load depends 
on both current demand {by the amont of inpedance) and the voltage de- 
mand* Current capacity must be matched to current demand. 

CURRENT X VOLTAGE = POWER 

Ttiat Is why they are called power supplies rather than currenttor voltage 
supplies. 

The disaster could have been prevented if a fuse had been used. The fuse 
should have been connected in series with the battery so all of the current 
would flow through It* Naturally the current rating or the capacity of 
the fuse to pass current would have to be lower than the current rating 
of the radio circuit* Then, If the load demanded more current than was 
considered safe, the fuse would melt and the radio would be unharmed* 
It Is far more economical to replace a couple of pennies worth of fuse 
than the whole radio* Radios make lousy fuses* 

If a 15 amp fuse In a house falls and you re^iace the 15 amp fuse with a 
30 amp fuse*.*w!I! the appliance connected to the wall outlet burn-up? 

0 



°-0~° 


o~(SV-o 











FUSE BOX 



LOAD 



-J (TV, (RON, ETC.) 



Not necessarily. The 'only time you wit J have problems Is when the cur 
rent demand exceeds the current capacity of the appliance. 
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referring to the previous question, if a short circuit in the appliance 

connected to the wall outlet caused the !5 amp fuse to f ai), what would 

r<ippen if the appliance were tui red on with the 30 amp fuse in the cir- 
hji t? 



Nothing, the resistance of the short jS so tow* no current will 
flow. 

The house wiring, without adequate overload protection, could 
heat up and cause a fire because current demand exceeds current 
capacity of the wiring. 
~he wail outlet could burn up. 

Appliances at the other outlets would be destroyed because of 
the excessive current flow in the wiring, 
b or c are possible, the others are not. 



is the correct answer. Answer d is wrong because current in paral )e 1 
Jooends on the resistance of eacn branch. Since house outlets are con" 
n:Cted in parallel, each branch's current flow is independent of the next . 



ne 115 VAC supplied to a house is comparable to the car battery, 
a conbtant .'Citage that is capaslo of supplying a range of current 

^penoing on the appliances connected to tine wall outlets. Since 
nold wiring ii in parallel, it is fusea a; a point where the tora\ 
each branch is co,nb'^ed. 



It is 
va 1 ues 
house- 
current 



POWER 
COMPANY 



POWER METER 



V 




' OUTLETS 

PARALLEL CONNECTION 

-jp i iarces ttabec on Liici r i npt^onCt j f>6vc different demands *or current*, 
in the above circuit, ^hen tote: current ti ; rs to exceed 30 amps, the 
f \ise wili cielt. So each parallel Drarc.; cy^rnt, ^hen added, mjst not 
;/ceed 30 anj;$ or u*e *use opens. If -ne brjnch requires 15 amps (say 
,in "ir conditioner), the other tranches have oniy 13 amps left to use. 
'he point Is, ;ne loac current demand at a particular voltage nus t he 
-qual to or less than the current capacitv of the fuse. 
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It is now time for us to took at the systems operation of a typical elec- 
tronic power supply. An electronic power supply is provided voltage from 
a 115 VAC voltage source. The electronic power supply is a load (current 
demand) for the 115 VAC- 



OPERATING CHARACTERISTICS OF ELECTRONIC POWER SUPPLIES: 



When just the input stage is added to the 115 VAC, current will flow. The 
input stage of the electronic power supply is a complete circuit and has 
a certain amount of impedance that will allow a certain amount of current. 
Let's see what happens when just the input stage is connected to the 115 
VAC source. 




SECONDARY 

OPEN CIRCUIT 



SW1 T1 



The fuse and the switch, when closed, do not have very much resistance. 
The first parallel branch has a resistor (R-l) and the indicator lamp 
(DS-l). The impedance of this branch is very high for two reasons: 

1. The lamp requires less than U5 VAC to ligit. R-l, the series 
resistor, then drops the difference between II5 VAC and the 
smaller voltage required by the lamp* For instance, if the 
lamp needs only 10 volts, the resistor must drop 105 volts. 

2. The lamp doesn't need very much current. R-l again comes to 
the rescue by limiting the amount of current allowed in this 
paral lei branch. 

Now the second parallel branch in the input stage is simply the primary 
of the transformer. We know that a coil offers large impedance to AC, 
so we would expect that the primary will allow little current. This is 
the case only if the secondary has no current flow. The primary will 
reflect the impedance of the secondary because of mutual inductance be- 
tween primary and secondary. The impedance of the primary then mirrors 
the secondary Impedance. As a result, total impedance of the input 
state is very high v len the secondary is open. Total current demand is 
very low. 
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Now when we hook-up an oscilloscope across the secondary, we see a voltage, 
If the secondary is an open circuit, how is this possible? The impedance 
of the oscilloscope is high but with the oscilloscope connected across 
the secondary, it does make a complete path for current flow. This in- 
pedance is reflected back to the primary and lowers the total impedance 
of the input stage. Lower impedance, more current demanac^ from the 1 1 5 
VAC. In short, the oscilloscope completes the secondary circuit which 
then changes the overall impedance in the Input stage. 

If the secondary is shorted you guesseo it.,. zero resistance is re- 
flected back to the primary. The primary demands maximum current. Before 
the current can rise high enough to harm the circuit components, the fuse 
will fail. 

Current flow in the input stage depends on the impedance of: /r 

a, the secondary circuit. 

b- the input stage components. 

c. the source. 

d. a) I of the above. 



d. al I of the above. 



We*ve seen three examples cf how the in^ut stage's impedance and current 
flow will change with changes m the secondary impedance. The input stage 
acts like a source to the secondary. The input stage tNen supplies the 
cur ent and volt^g* required by the secondary. The secondary, in turn, 
,aots like a loaJ to the input circuit. When one stage loads another stage 
within the same system, we call it interstage loading. When one system is 
connected to another system, the second system is a loaa to the first 
system to produce the 115 VAC source for our electronic power supply. Our 
power st;>p1y act*, as a load to the power company's system. 

Now when we add the rectifier to the open secondary, current flow- in the 
secondary. More current is required En rhe input stage. The re :ifier 
stage output will loc r < tike oun-ps. We could look at the rectifier stage 
as a load to the inp^t and secondary stages, or all three stages combined 
as the total load to the 115 VAC source. 





INPUT 




SECONDARY 




RECTIFIER 




115 VAC 









OR 
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When the filter'stage is added to the system, the most visible change due 
to interstage loading occurs* The output of the rectifier goes from pul- 
sating DC to DC with ripple. Because of the filter capacitor's action the 
rectifier output no longer appears to be pulsating DC. This happens be- 
cause as soon as the filter is added, there is en instantaneous change in 
the total impedance within the entire system, impedance is not only 
changed at the point where the filter is added, but also throughout the 
enti re system* 



FILTER 



Now when the last stage is added, what loading effects will it have on the 
system? The regulator adjusts for changes in current demand from the load 
or changes in the 115 VAC source power* With the addition of the regula- 
tor stage the power supply must now provide the current required by the 
Zener diode as well as the current required by the load. Once again the 
total impedance of the system is changed. 

Another interstage loading effect caused by the regulator is It makes the 
filter work harder* The level of ripple increases as we draw more current 
out of the f \ i ter* 

1* When one stage has an effect on the operation of another stage, we 

call it effects. When one system has effects on another 

system, we call it effects* 

2* The output of which stage is changed the most as we add stages to the 
power supply? 




SECONDARY 




RECTIF1ER 





IT Interstage loading; systems loading, or simply l^ad i ng 
2. rectifier stage 
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We've shown how interstage loading effects the function of each stage. 
Now let's look at the effects of loading. First we'll take a simple 
power supply and connect a constant or fixed load. 



SW1 



CR1 



Tt 



RL 



In the schematic, we see the voltage developed across filter capacitor 
CI is the same voltage that is across the load ft^. The resistance of 

R L is 25 ohms, so with 50 volts across it — 2 amps will flow. As long 

as the impedance and voltage stay the same, will pass 2 amps. 

If, a variable load is connected to our simple power supply, things 
change; 



SW1 




-r- 

X c- 



RL 



When changes, total impedance felt by the l'5 VAC source changes. If 

we increase Ft^, total impedance increases and total current drops* With 

less currant there will be less voltage loss in the input and transformer. 
Voltage across Ft^ increases. This voltage increase is a loading effect. 

Anytime a change in the amount of current demanded causes a change in the 
output voltage of a power supply we say a loading effect is causing the 
vol tage change. 

What can we add to our simple power supply that will combat loading 
effects? 



A voltage regulator. 
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With the addition of a voltage regulator, as current tends to increase 
through R^, the Zener branch current decreases. The zener's internal im- 
pedance changes in the opposite direction with the changes in impedance 
of R L - If impedance is increased, the zener's Internal impedance is 

decreased. 

There is a trade off of current in these parallel branches so the net re- 
sult is that total current remains unchang* J and voltage stays constant. 

If R^'s resistance is decreased, more current is demanded by the load. 

CR2 senses the change, and increases its internal tmpedance to exactly 
offset the decrease caused by R^, Less current fs demanded by the zener. 

The zener has effectively transferred some of its current to the load. 
Why is it necessary to keep voltage constant? Host loads in electronics 
consist of several series-parallel branches. Each branch has a different 
current demand because each branch has a difference impedance. One or 
more may be a variable impedance. If voltage is held constant by the 
voltage regulator all branches can use whatever current they need and 
not ei feet the other branches* 

If one of the loads shorts out (zero resistance), will the voltage out- 
put stay the same? 




no 
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AT THIS POINT, YOU KAY TAKE THE LESSON PROGRESS CHECK. !F YOU 
ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON. 
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, 
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRJATE PAGES, 
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS 
LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE 
FA 1 LEO TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE 
ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDI O/V t SUAL MATERIALS (IF 
APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR,. UNTIL YOU 
CAN ANSWIR ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY. 
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OVERVIEW 

8ASIC ELECTRICITY AND ELECTRONICS 
MODULE TWENTY-T 
Electron Tube Power Supplies 



In this module you will learn about the similarity between power 
supplies using electron tubes and power supplies that use solid state 
components* You will study the tube 'counterpart of a solid state 
diode* and find that the conversion sections of both kinds of power 
supplies do the same things with vefy few differences in components. 

This module contains the following: 

Lesson I Electron Tube Power Suppl ies 
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OVERVIEW 
LESSON 1 



Electron Tube .Power Supplies 

In this lesson you will study and learn about the principles of operation 
of vacuum tube diodes,- the principles of operation of gas filled diode 
tubes and tube type power supplies* As you proceed through this lesson, 
observe and follow directions carefully* 

/ 

The learning objectives of this lesson are as follows: 

'TERMINAL DBJECTIVE(S): 

Supported by this lesson topic: 

20T-I.J*! When the student completes this course / he will be able to 
DESCRIBE the functional and voltage similarities of differ- 
ences between tube and solid state power supplies by select- 
ing the correct statements) concerning these similarities 
and/or differences from a given list of statements* 100% 
accuracy is required. 

ENABLING OBJECWVeIS) : 

When the student completes thrs lesson* he wi 11 be able to: 

i 

20T* 1.41.1 DIFFERENTIATE between tube and solid stat<* power supply input 
circuits by choosing the correct statement(s) concerning simi- 
larities/differences, given a set of statements. 100% accuracy 
is required. 

20T*l.4l.2 STATE the general similarities and/or differences in tube type 
and solid state power supply transformer secondaries by select- 
ing the best statement of similarities andj/or differences, 
given a choice of four statements. lOOt accuracy Is required. 



20T. 1.41.3 COMPARE the functional circuit differences and/or similar- 
ities in the tube type and solid state rectifier circuits 
by selecting the most correct statement, given a set of four 
choices. 100% accuracy is required. 



r 

i 



20T-I.4I.4 COMPARE the schematic symbols and direction of current flow 
of a tube type diode to a solid state diode by selecting the 
correct illustration from a given set of illustrations showing 
directions of current flow through tube typfe and solid state 
diodes. 100% accuracy ts required. 
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OVERVIEW 



2UT. t.41.5 



20T,l.i*K6 



COMPARE and CONTRAST the function/size/configuration of solid 
state and tube type power supply filter networks by selecting 
the correct statement (s) concerning the above differences/ 
similarities from a set of given statements, }Q0% accuracy is 
requi red. - - 

COMPARE and CONTRAST the functions and/or circuit configura- 
tions of tube type and Zener diode regulators by selecting 
the correct statement (s) concerning the above differences/ 
similarities from a set of given statements. 100^ accuracy is 
requi red. 



\ 

TART THIS LESSON, READ THE LESSON LEARNING OBJECTIVES AND 
LIST OF STUDY RESOURCES ON THE NEXT PAGE, 
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LIST OF STUDY RESOURCES 

LESSON I 

ELECTRON TU8E POWER SUPPLIES 

lo learn the material in this lesson, you have the option of choosing, 
according to your experience and preferences, any or all cf the follow 
ing, study resources: 

Written Lesson presentation in: 

Module Booklet: 

Summary 

P rog rammed I n s t r uc 1 1 on 
Narrative 

Student's Guide: ^ 

Progress "Check 
Additional Material (s): 

Audio/Visual Program Twenty-T-I "Vacuum Tube Power Supplies 1 ' 



YOU MAY I'*" ANY, OR ALL, RESOURCES LISTED A80VE, INCLUDING THE LEARNING 
SUPERVISOR HOWEVER, ALL MATERIALS LISTED ARE NOT NECESSARILY REQUIRED 
TO ACHIEVE LESSON OBJECTIVES. THE PROGRESS CHECK MAY 8E TAKEN AT ANY 
TIME. 



~* 
( ( 

170 



Summary 



Twenty-!- 1 



SUMMARY 
. LESSON I 

Electron Tube Power Supplies 



Transistors are rapidly replacing tubes, T he big reason transistors are 
taking over is that transistorized circuits reduce the size and the vol- 
tage requirements of equipments. We will be discussing vacuum tubes be- 
cause they still take a very active part within the Navy's electronic in- 
'ventory. 

CONVERSION STAGES 
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The block diagram shown above should be familiar. It is a block diagram of 
a baste power supply and cojld be either solid state or tube. The schematics 
are also very similar except, naturally, there will be tube symbols instead 
of transistor symbols. NOTE: Solid state means transistors are used. 

The, input circuits will be schematically identical and perform the sa^c 
function. The components in a vacuum tube power supply will generally be 
physically larger because of higher power requirements. 

The transformer secondaries in a vacuum tube power supply are usually multi- 
winding: step-up and steP-down. The step-up winding supplies the high 
voltage reauired hy the equipments while the step-down winding supplies the 
low voltage required by the filament or heater. 
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Vacuum tube rectifier circuits also use diodes* 
two elements: a plate and a cathode* 



PLATE 
(ANODE) 



Vacuum tube diodes have 




CATHODE^ 



The plate ? ^ the positive element and the cathode is the negative element* 
Vacuum tube diodes function the same as solid state diodes* They allow 
current to flow in only one direction: from cathode to plate* In order 
to have current flow in the vacuum tube diode the cathode tmjst be heated 



to "boil off" free electrons* 
directly or indirectly* 





Heating is accomplished in one of two ways: 



tn a directly heated cathode, the heating 
current flows directly through the cathode 
in this case, the cathode is called a fila 
ment* 



DIRECTLY HEATED CATHODE 




In an indirectly heated cathode, the heat- 
ing current flows through a heater placed 
in close proximity to the cathode* 



INDIRECTLY HEATED CATHODE 



NOTE: Schematically the filament or heater circuits are rarely shown* 
When they are, you'll see the filament or heater wires chopped off with 
two symbols (such as X's) at the end* The X's means that somewhere on 
the schematic you will find two other X's that show where (usually by 
the transformer step-down secondary) the heater voltage originates* 
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Vacuum tube power s^, ly rectifier circuits tthe half-wave, the full-wave 
and the bridge) have output waveshapes which will be exactly identical to 
solid state rectifier circuit output waveforms; only the amplitude will 
be much higher. Df the three rectifiers, the futl^wave rectifier Is the 
most commonly used rectifier for vacuum tube circuits. The fult^wave rec- 
tifier may consist of two vacuum tube diodes or one duo-diode which con" 
tains two plates and a common cathode enclosed within a single tube enve w 
lope. 




Duo-diode Schematic 

The bridge rectifier, although common in solid state power supplies, is 
seldom used In vacuum tube power supplies because of its large size and 
high cost. 

Filters used In vacuum tube power supplies are oV the same type as used 
in transistor power supples: choke Input, capacitor Input, and pi* Here 
again, the actual components In the filter circuits will be larger in size 
and higher In current rating because of the higher voltages they are re- 
quired to handle. 

The final stage of the power supply is the regulator* The solid state 
power supply used a Zener diode. The tube equivalent of a zener Is the 
VR tube (Vol tage Regulator) * 




Note: Dot Indicates gas filled 



VR Tube Schematic 

The VR tube* like the Zener, Is connected in parallel with the load* The 
function of both is identical: to regulate the output* 

■ / 

t 

\ 
\ 
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AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU 
ANSWER ALL SELF-TEST ITEMS CORRECTLY PROCEED TO THE NfiXT LESSON. 
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, 
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES, 
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS 
LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE 
FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE 
ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF 
APPLI CABLE 1, OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU 
CAN ANSWER ALL SELf-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY. 
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PROGRAMMED INSTRUCTION 
LESSON I 

Electron Tube Power Supplies 



TEST FRAMES ARE 7 AND 12* GO FIRST TO TEST FRAME 7 AND SEE IF YOU CAN 
AK5WER THE QUESTION. FOLLOW THE DIRECTIONS AT THE END OF THE TEST FRAME. 

). Vacuum tubes work fine and usually last a long time but not quite 
as good or as long as the transistor, Y'acuum tube equipment is still 
used and is a def inite part of the Haval electrodes Inventory, ,This V 
means that you, as a technician, will have to know how to trou" * * ' 
and repair vacuum tube equipment* 




Probably the easiest way to explain how vacuum tube circuit? 
to relate them to transistor circuits* Th:s biggest difference beStwejen' 
the two is that vacuum tube equipment will be much larger and wi 1 1 Vegaire 
a much higher vol tage to operate. A power supply is a power rupply* tnan~ 
sistor or tube* and will accomplish the same function — supply power to the 
equipment. Vacuum tube and solid state power supplies have the same stages 
and function basically the same. NOTE: In electronics thfc term solid state 
is useJ to describe circuits and components that use transistors instead of 
vacuum tubes - 

What are the basic differences between tube and solid state equipment? 

3- Function and power outputs. 

b. Size and voltage requirements. 

c. Availability and size. 

d. Usage and voltage requirements. 



b. Size and voltage requirements. 



:R1C 
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2. 



CONVERSION STAGES 
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The block diagram shown above should be very familiar. It Ss a block 
diagram of a basic power supply. This time it's for a vacuum tube 
power supply. As you can see* there is no difference between vacuum 
tube and solid state power supplies as far as the block diagram is 
concerned. 

Now let's get into the schemacic for the input stage of a vacuum tube 
power supply. 




The schematic diagr<-»n again shows no difference between a vacuum tube 
and a solid state power supply. It contains a plug, a switch (on-off)* 
a fuse, an indicator light* and a transformer primary. In the actual 
equipment* the differences lie in the size of the components because of 
the higner power requirements. The fuse in the vacuum tube power supply 
may have a higher current rating. Functionally, both types of power 
supply Input stages are the same. 

What is the difference between a vacuum tube power supply input section 
and solid state power supply input section? 

a. Tubes are used instead of transistors. 

b. The input voltage is Mgb<*r. 

c. The components are farger because of the higher power requ 1 moments . 

d. Provides greater overload protection. 



c. The components are larger because of the high power requirements. 
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3. Transformer secondaries in vacuum tube power supplies are usually 
mu 1 t i -wi nd ing step-up and step -down . The step^down windings are ^sed 
to supply the l^w voltage required by the filamer.s of vacuum tubes 
v,hi le the step-up w i nd i na supplies the high voltage required by the 
equipment. 

Which of the transformers below will normally be used with a vacuum 
ti»be power supply. 




b. 



The functions of the input circuits and transformer secondaries are 
the same in both vacuum tube and solid state power supplies. In the 
rectifier section of a vacuum tube power supply a vacuum tube diode ii 
used instead o" a solid state diode but both types of rectifiers are 
still functionally the same. They Chang? AC to pulsating DC. 

As vou know, the schematic symbol at the left 
is a solid state diode* It consists of two 
parts: the cathode (schematically shown as 
a short vertical line) and the anode {schema- 
tically e hown as solid triangular figure). 
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The vacuum tube diode also has two elements: a 
cathode and a plate. The cathode is schematical- 
ly shown as a backward 7 and the plate is sche* 
matically shown as an inverted T, The two ele- 
ments are enclosed in a glass envelope which is 
shown as a circle surrounding the two elements. 
The whole assembly is called a vacuum tube be- 
cause all the air is drawn out of the glass en- 
velope at the time of the tube T s manufacture 
leaving a vacuum in Its place. 

What are the proper names for the elements of a vacuum :ube diode? 




a. plate; b. cathode (In that order) 

5. In vacuum tube diodes, as in solid state diodes, current will floi* in 
only o ne direction. In the solid state diode current flows against the 
arrow: from cathode to anode. In the vacuum tube diode current flows 
from cathode to plate. This means that the tube will operate only when 
the plate is positive with respect to the cathode. 

Which of the following illustrations is most correct? 




c. 




17? 18$ 
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6* In addition to having the plate positive In relation to the cathode, one 
more condition must be met before current will flow through the vacuum tube 
diode: the availability of tree electrons for conduction. By heating the 
cathode, free electrons are "boiled off" the cathode material* These elec- 
trons are then "sucked up" by the plate whenever its potential is more po- 
sitive than the cathode's* Cathodes are heated in one of two ways: direct^ 
ly and Indirectly* 

A directly heated cathode is so named because 
the heating current flows directly through 
the cathode* It is schematically displayed 
as a triangular figure connected to the 
cathode or just as a triangular figure* In 
this case the cathode is called a "filament, 11 

An indirectly heated cathode is one in which 
the heating current does not flow through 
the cathode but rather through a "heater" 
which Is placed in close proximity to the 
cathode* It Is schematically displayed as 
a triangular figure separate from and direct- 
ly under the cathode* The heater fs not con- 
sidered an element of the tube* 

Which of tire following statements is most correct? 

a* An Indirectly heated cathode is called a fi1at*ent* 
b* A directly heated cathode has a filament that is connected directly 
to the plate. 

c* Heater current flows through an indirectly heated cathode, 
d, indirectly heated catiodes have a heater that Is not connected to 
the cathode* 




DIRECTLY HEATED CATHODE 




INDIRECTLY HEATED CATHODE 



d* Indirectly heated cathodes have a heater that is not connected to the 
cathode. 
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7. TEST FRAME 

Which of the following illustrations is met correct? 



a. 




CURRENT 
FLOW 



DIRECTLY HEATED 




CURRENT 
FLOW 



INDIRECTLY HEATED 




CURRENT 
FLOW 



DIRECTLY HEATED 



d. 




CURRENT 
FLOW 



INDIRECTLY HEATED 



THIS IS A TEST .FRAME. COMPARE YOJR ANSWER WITH THE CORRECT ANSWER 
GIVEN AT THE TOP OF THE NEXT PAGE. 
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b. 



)T YOUR ANSWER HATCHES THE CORRECT ANSWER , YOU KAY GO ON TO TEST FRAME 
12. OTHERWISE GO BACK TO FRAMc 1 A:iO TAKE THE PROGRAhMEO SEQUENCE BE- 
FORE TAKING TEST FRAME 7 AGAIN. 



The schematic shown above is a simple half-wave rectifier. As you can 
see, the only real differences between a vacuum tube diode ^alf-wave 
rectifier and solid state diode half-wave rectifier Is the transformer 
step-down secondary winding that supplies the filament or heater voltage 
(usually 6-3v), the filament or heater circuit, and the tube itself. The 
voltage level will also be different but the basic circuit and the output 
wave shapes are the same* 

NOTE: As in the vacuum tube rectifier Circuit below, the whole filament 
or heater circuit is often not shown in actual schematics* Instead, X's 
(or Y's or Z's) are placed at the triangular figure'that denotes a fila- 
ment or heater and again from wher- the filament or heater voltage is 
coming (usually the transformer secondary). 



Does the above solid state rectifier look familiar? ) t should! Both 
circuits are rectifiers and will have the same type of output waveform, 



8. 



Tl 
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What will the output waveform look tike? 



c. 



9. The previous schematic was a full-wave rectifier. In vacuum tube power 
supplies, fulHwave rectifiers are the most common type of rectifier used. 




The circuit shown above is also a full-wave rectifier. The vacuum tube is 
a directly heated duo-diode {which means that the two diodes with one 
common directly heated cathode are enclosed in the same envelope) and it 
works Just like any other full-wave rectifier. It puts out pulsating DC! 

The bridge rectifier, although common in solid state power supplies, is 
rareiy found in nube^type equipment because it takes up too much space 
and is very expensive. 

The following schematic is a bridge rectifier usinq tubes. 



AC 
SUPPLY 
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This configuration of tubes and f I lament transformers docs exactly the 
same thing a transistorized bridge rectifier does. Because of the 
component size* most modern power supplies use solid-state devices 



rather than tubes for bridge rectifiers* 
Which of the fo ! lowi ng , statemen ts is most correct? 



c. 
d. 



Bridge vacuum Cube rectifiers are not used because the voltages 
requirements are too high. 

The duo-diode produces tfce same waveform as a regular halt^wave 
rect i f ier, \ * 

The duo-diode doean't use heaters or filaments. 

The bridge rectifier is rarely found in tube equipment, 



d. *he bridge rectifier is rarely found in tube equipmeni 

X 3F 

10, After the voltage has been rectified, it has to be filtered Vacuum 
tube power supplfes use the same type filters as solid state power sup- 
plies: | 



the choke input filter, 



the capacitor input filter, 



T 

I 



and the pi f i I ten 



I I 



OR 



I i 



The components may be somewhat larqer than fhose found in transistorized 
equipment but they function in exactly the same way. 



m 
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Why would the filter exponents be large* in a vacuum tube power supply 
as compared to a transistor power supply? 

a. To change the RC time constant. 

b. Because of higher current and voltage levels. 

c. For stabl llzatlon. 

d. To prolong the life of the tube. 



b. Because of higher current and voltage levels. ~ 

IK The final stage of a povr-sr supply is the regulator. The solid state 
device was a Zener diode. The tube equivalent of a Zener dlod* is ,the 
VR tube. (VR stands for Voltage Regulator). 

Schematically the VR tube Is somewhat different from the diode vacuum tube. 

The element called the plate in a vacuum tube 
diode is referred to' as the anode in the VR 
tube* The cathode Is displayed as a small 
circle and the black dot Inside the envelope 
(circle) indicates that the tube is gas filled. 

NOTE,: Gas filled regulator will "fire" (the gas ionizes) when a large 
enough voltage is applied across the tube. Once the tube fires, the vol- 
tage drop across It will remain constant as long as the tube currert is 
within the design range. 
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The Vft tube, like the Zener diode* is connected in parallel with the load. 



If the voltage increased to 150v, the VR tube would continue to drop 90v 
and maintain a constant voltage across the load regardless of the current 
increase. The remaining 60v would be absorbed by Fts* The only real dlf~ 
ference between VR r ^ and Zeners is the higher voltages that the Vft's regu- 
late* They both dc the sane thing; regulate voltage. 

What is the main difference, if any, between Zener diode regulators and 
Vft tube regulators? 

a. Zeners are always connected in parallel with the load and Vft tubes 

are always connected in series with the load, 
b* There is no real functional difference* 

c. VFt tubes have a longer life than Zener diodes, 

d. VFt tubes are only used In low voltage applications. 



115v 




10v 




IT There is no real functional difference. 
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12* TEST FRAME 

Which of the below circuits Is a regulated, indirectly heated duo-diode 
vacuum tube power supply with a choke Input filter? 
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AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU 
ANSWER ALL SELF-TEST ITEMS CORRECTLY PROCEED TO THE NEXT LESSON. 
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, 
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES, 
PARAGRAPHS, Oft FRAMES SO THAT VOU CAN RESTUDY THE PARTS OF THIS 
LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE 
FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE 
ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF 
APPLICABLE), O 1 * CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU 
CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY. 
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NARRATIVE 
LESSON I 

Electron Tube Power Supplies 

Electron (vacuum) tubes are not as efficient as transistors in most p 
applications, but there are some jobs that vacuum tubes can do better 
than transistors* For this reason they are s t ! 1 1 used in many circuits, 
and you as a technician will have to troubleshoot circuits using them* 

The primary difference between a circuit using electron tubes and one 
using solid state devices (transistors and similar devices other than 
tubes) is the size and voltage rating of their components* Electron 
tube ^supplies usually provide higher voltages; consequently, they are 
constructed with larger components* Both units still do the *ame thing; 
that is, they provide required voltages at the current levels needed 
to enable an electronic system to operate* 

Since you have just finished learning about solid state power supplies, 
this lesson will explain electron tube supplies by comparing them to 
the solid state units* Remember the input section of * the solid state 
power supply? The input section of an electron tube power supply is 
identical In schematic and in function* It couples the AC line voltage 
from the outlet to the conversion stage; it provides overload protection; 
it Indicates when power is on; and It gives a means for turning the 
equipment on or off* The only difference you are likely to see between 
the electron tube power supply circuit and the solid stdte power supply 
Input circuits is that the tube circuits may have larger components so 
they can deliver higher current to the conversion section* 

The transformer secondaries (conversion sections) of a vacuum tube 
supply almost always have multiple windings* One reason for this' is 
that the power supply output is usually a high voltage (requires a step- 
up winding) and almost all tubes must also have a relatively low voltage 
(requires a step-down winding) to operate* In fact, the power supply 
frequently must provide two or more different low AC voltages to the 
equipment* The most efficient way to do this Is to place a separate 
secondary winding on the transformer for each different voltage 
requirement* 

Tube-type power supplies use diodes to rectify AC voltages just as do 
solid state power supplies, but the diodes are very different* Actually, 
this Is the thing that really decides whether the power supply is solid 
state or tube* A solid state power supply has a solid state rectifier; 
an electron tube power supply has a tube rectifier* 
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The tube diode, like the solid state diode has two elements; a cathode 
and a plate. As in the solid state dioHe, electrons flow through the 
tube in one direction only: from cathode to plate. Figure 1 shows the 
schematic diagrams, direction of current flow, and names of the elements 
for both kinds of diodes. 
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Figure I 

The circle around the elements of the electron tube indicates the metal 
or glass envelope that seals air out of the tube. (Thfs is the reason 
electron tube? are sometimes called vacuum tubes, the elements must 
operate in a vacuum.) Besides the vacuum, another difference between 
soiid sfeatp and tube diodes is that the tubes have f j laments . The 
filaments are not always shown on schematic diagrams (Figure I doesn't 
show them) , but Figure 2 shows electron tubes complete with two differ- 
ent kinds of filaments. The directly heated cathode tube Is designed 
so that the filament itself acts as the cathode. 
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The function of the filament is to heat the cathode so that electrons 
will M boM off" its surface. When the cathode is hot, electrons will 
form a cloud around the cathode. A positive potential on the ptate 
will attract electrons from that cloud to the plate and current will 
flow through the tube circuit. On the other hand, a negative potential 
on the plate will repel electrons and no current will flow. 
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Now let's looK at a schematic for 
diode tube rectifier. As you can 



a simple half-wave rectifier using a 
see, the nost noticable difference 
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Figure 3 

from the similar solid state circuit is the circuitry required for the 
t'*bVs filament. The additional transformer winding supplies the heate 
voltage (usually between 2.5 and 12.6 VAC) for the filament. 
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Figure h 

Figure k shows two circuits that should be familiar to you. Thev are 
both full wave rect i f iers and they will provide identical output wave- 
shapes. In schematic diaqrams of circuits using tubes It Is common 
practice to indicate filament ccyinec t i ors by writinq letters (w, X t Y t 
etc. ) by the f I lament leads and transformer 1 eads that connect together 
(see Figure 5K 
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The most common electron tube rectifier circuit is probably the full- 
wave rectifier. Because it is so common a circuit, special. (Juo-diode 
tubes are manufactured. Here is a schematic for a follwave rectifier 
using a directly heated duo-diode; a tube with two plates and a common 
cathode all within the same envelope. It works just like all „ the other 
fullwave rectifiers you have seen. 




Figure 6 



Although the bridge rectifier circuit is very commonly used with solid 
state ,recti fiers , it is not often found with electron tube rectifiers. 
Figure 7 may indicate why these circuits are not very common — they 
involve a mess of wires and components and filament supply transformer 
windings. ^ * % 




Figure 7 

After theAC input voltage has been^ recti fied it must be filtered just 
as solid state rectifier outputs must be filtered. It shouldn't be a 
great surprise to find that tube power supplies use exactly the same kinds 
of filters — choke input, capacitor input, or pi — that solid "state 
supplies use. The components are often larger in tube units than in solid 
state because of the higher voltage usualy involved. 
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In the solid state power supplies a Zener diode acted as a voltage regula 
tor at the power supply output. In electron tube power supplies a vol- 
tage regulator (VR) tube does the same job* The VR tube is a gas-filled 
diode that maintains a constant voltage drop within its current operating 
range. The amount of, voltage drop involved depends on, factors that, are 
set when the tube is built, VR's are commonly built for 75 VDC> 90 VDC> 
150 VDC, etc* Figure 8 is the schematic diagram for a VR tube. The 
anode (plate) of this tube is just like the plate in any electron tube 
schematic, and the circle represents th£ cathode. The black dot just 
sitting inside the envelope without any connecting leads indicates that 
the tube is filled with gas. When a VR tube is operating you can see a 
glow (usually blue or orange depending on the* kind of gas used) from the 
ionized gas. Once the tube "fires" the voltage drop across it will re- 
main constant. 




Figure 8 

The VR tube is connected in parallel with the load jus* like the Zen^r 
d iode connects. 
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Figure 9 



In fact the VR tube works exactly like the Zener diode except for the 
voUage values involved, in the circuit shown in Figure 9, if the sup- 
ply voltage increased to 1 50 V the VR trbe would still drop 90 V and 
the circuit current would increase enough to cause a 60 volt drop across 
R5-. So long as the VR tube current remains within its design range its 
voltage <frop will, be constant. 
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At THIS POINT, YOU HAY TAKE, THE LESSON PROGRESS CHECK. IF YOU 
ANSWER ALL SEL C -TEST -ITEMS CORRECTLY PROCEED TO THE NEXT LESSON. 
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, 
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES, 
PARAGRAPHS, OR FRAMES SO THAT. YOU CAN RESTUDY THC PARTS OF THIS 
LESSON iVOlf ARE HAVING OIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE 
FAILED TO UNDERSTAND ALL , OR HOST. OF THE LESSON, SCLECT AND USE 
ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDI O/VI SUAL MATER I AL.S (iF 
APPLICABLE!, OR CONSULTATION WITH LEARN I NG ' SUP ER V I SOR , UNTIL YOU 
CAN ANSWER ALL SELF-TEST ITEMS ON THE.* PROGRESS CHECK CORRECTLY. 
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